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ABSTRACT 
Random disposal of olive mill wastewater (OMW) creates environment~1 and 
health problems in the West Bank, as in all Mediterranean Countries. More 
than 209 Olive mills currently operate in the West Bank, producing more than 
200,000 m3 of olive mill wastewater between about November and January 
each year. 
OMW is highly polluting, with high concentrations of organic materials (COD = 
80 - 200 g/I; BOO = 50 -100 g/I) and phenolic compounds (Total phenol =10 
g/I). The extremely high organic loading and the phenolic compound 
concentrations pose a major pollution problem. The problem of the phenolic 
compounds increases when these compounds are oxidized during storage to 
form complex polyphenolic compounds, which are dark in colour and difficult 
to degrade. 
Experimental work has been carried out to understand the behaviour of OMW 
in relation to storage conditions, and to determine the factors that affect the 
oxidation of phenolic compounds. A combination of parameters thought likely 
to affect oxidation (such as exposure to air, surface area, exposure to light, 
and pH) was chosen as variables. High Performance Liquid Chromatography 
(HPLC) techniques were then used to identify and characterise the phenolic 
compounds in the OMW samples stored under different conditions. From the 
experiment work, it was concluded that contact with oxygen is the main factor 
affecting the oxidation of simple phenolic compounds found on OMW. When 
the simple phenolic compounds were oxidized and polymerised, complex 
compounds with high molecular weights were formed, having an almost black 
colour and with high COD concentrations. 
An assessment of OMW treatment technologies was made, taking into 
account technical, environmental, economic, social and institutional aspects. 
The Multi Criteria Analysis (MCA) technique was then used as a tool for 
evaluating the selected options. From this analysis, evaporation ponds are 
identified as being the most appropriate technology for treating OMW in 
Palestine. 
Key Words: Olive mill wastewater, treatment, West Bank, phenol compounds, 
oxidation, polyphenolic, MeA, evaporation ponds, social, institutional, storage, 
colour. 
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I 
I 
1 Introduction 
1.1 Introduction / 
This chapter contains a general background of the study area (Palestine), an 
introduction to its olive oil industry and an overview of its by·product, olive mill 
wastewater (OMW) and its associated problems and treatment. 
1.2 Study area 
1.2.1 General background 
The Palestinian territories are composed of two separate areas, the Gaza 
Strip and the West Bank. The West Bank is situated on the central highlands 
of Palestine. The area is bounded by the Jordan River and the Dead Sea to 
the east and the 1948 cease - fire line on the north, west and south. The west 
Bank has a total area of 5788 km2 (MOPIC, 1998). 
Under occupation, the West Bank has been administratively divided into eight 
districts, namely: Bethlehem, Hebron, Jenin, Jericho, Jerusalem, Nablus, 
Ramallah and Tulkerm. Although both the West Bank and Gaza occupy a tiny 
area, they comprise quite different landscapes. While most of the West Bank 
lies in a hilly region, the Gaza Strip shows desert characteristics, bounded by 
the Negev Desert to the south - east and the Sinai Desert to the south-west, 
with a total area of 365 km2 (MOPIC, 1998). 
According to the Palestinian Central Bureau of Statistics (PCBS) latest census 
(1997), Palestine is inhabited by a population of around 2.89 million in 1997 
including Jerusalem (MEA, 1999). The census also shows that 1.54 million 
Palestinians live in the West Bank (excluding East Jerusalem), 1.02 million 
people live in Gaza Strip, and 330 thousand Palestinians are estimated to live 
in East Jerusalem. Almost 50.8% of this population are males, while 49.2% 
are females. Population growth in Palestine is one of the highest in the world, 
within the range 2.5 - 5.5% annually within 10 years (MEA, 1999). 
The climate is significantly different between the two areas, with substantially 
lower rainfall in the Gaza Strip. In the Palestinian territories, water is the most 
2 
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precious natural resource and its relative scarcity is a major constraint to 
economic development. This applies throughout the region, which is generally 
characterized by aridity and water scarcity. Groundwater is the major source 
of fresh water and is of primary importance to Palestinians, as they do not 
have any access to surface water, with the exception of a few small perennial 
or seasonal streams fed through springs. In addition, rainwater harvested at 
household level has been an indigenous source of water for the Palestinians 
(MOPIC, 1998). 
The West Bank's groundwater has been heavily exploited by Israel. It is 
predicted that by the year 2020 the total amount of water needed for 
domestic, agricultural and industrial purposes will exceed the yearly 
replenished volume (600 - 650 MCM) of fresh water in the West Bank 
(MO PlC, 1999). 
The deterioration of water quality in the West Bank is caused by pollution from 
three main sectors: agriculture, households and industry (Arij, 1997). The 
Palestinian environmental status is presently at risk due to the lack of proper 
infrastructure and pollutant management policies. Water supply, sanitation 
and solid waste disposal are the most crucial environmental problems in the 
West Bank. 
1.2.2 Industrial Wastewater in Palestine 
Despite the obstacles imposed by Israel on industrial development in 
Palestine, some industries do exist. The major industries in the West Bank 
include quarrying, stone cutting, textiles, clothing, dairy products, food 
industry, pharmaceutical products, leather and shoes (Arij, 1997). These 
industries produce hazardous and non - hazardous waste, contributing to the 
pollution of the environment. Industrial waste is produced and disposed of 
into the air, water and soil of the West Bank. If progress is achieved in the 
peace process between the Palestinians and Israelis, it is expected this would 
lead to major development in the area, as signs of stability in the region 
become evident (Arij, 1997). 
3 
The Industrial sector is expected to develop further in the coming years, 
especially after the Signing of an agreement on the final status of the area. In 
order to make development sustainable and to avoid promoting social and 
economic development at the expense· of the environment, measures, 
programs and action plans have to be developed to protect the environment. 
These measures include the formulation and implementation of standards, 
regulations and laws, the promotion of environmental education and 
awareness for the public, and the adoption and application of new 
technologies to minimize and treat waste. 
In general, there are no waste management programs for hazardous or non -
hazardous waste generated by industry in Palestine (Arij, 1997). Therefore, all 
industrial waste is directly released into the environment untreated. The 
potential of this waste containing hazardous material is very high. Exposure to 
this industrial waste may occur in many ways, such as, the inhalation of 
contaminated air, solid waste leachate into the ground water, and the mixing 
of industrial wastewater with surface or groundwater (Arij, 1997). 
The industries of greatest concern in Palestine are leather, tanning, olive oil 
pressing, pharmaceuticals, the leather industry and electroplating. In this 
study attention was given to the olive mill industry. 
Olive oil production can be traced back to more than 2,000 years in Palestine 
(Arij, 1997). Palestine was a major centre for olive oil production as testified by 
the great number of presses cut in the rock dating back to Roman Times 
(Alwazir, 2002). This is why the olive oil production season is one of great 
festivities and special celebrations since it is an integral part of economic and 
social activity. Although the production of olive oil is mainly located in the 
northern parts of the West Bank, olive oil production has a widespread effect 
on life in the territory and the impact of this sector on the environment is of 
great importance. The Olive Mill Wastewater (OMW) generated from the olive 
oil extraction process contains major amounts of organic matters. OMW is 
actually drained untreated into the sewage network, into cesspits or open 
4 
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areas, without any consideration to its environmental impact on groundwater, 
surface water, soil, flora or fauna (SWEMP-Programe,1999). i 
1.2.3 Olive oil industry 
1.2. 3.1 General background 
Presently, it has been estimated (FAOSTAT, 2003) that there are more than 
600 million productive olive trees on the planet, which occupy a surface area 
of 8.3 million hectares. The worldwide production of edible olives and olive oil 
has been calculated at 15 and 2.3 million metric tonnes, respectively 
(FAOSTAT, 2003). Most olive production comes from the Mediterranean 
countries of Spain, Italy, Greece, Turkey, Tunisia, Morocco, Libya and Algeria. 
In Palestine, olive trees have been grown for many centuries (Alwazir, 2002). 
The Mediterranean area alone provides 98% of the total surface area where 
olive trees are cultivated, and it provides 97% of the total global olive 
production (Molina & Nefzaoui, 1996). Olives have been cultivated in the 
countries around the Mediterranean Sea for thousands of years, and olive oil 
extraction is one of the most traditional industries in these countries. 
Olive oil can be extracted either simply by pressure or by centrifugation, using 
either a 2-phase or 3-phasesystem for centrifugation. In both systems 
(pressure and centrifuge) three products are obtained: (I) olive oil, (11) solid 
residue, and (Ill) aqueous liquor, which represent 20, 30 and 50%, 
respectively, of the total weight of processed olives. The disposal of highly 
pollutant olive by-products, especially the aqueous liquor, is an important 
environmental problem which needs to be solved. The aqueous liquor comes 
from the vegetation water and the soft tissues of the fruits. The mixture of this 
by-product with the water used in different stages of oil extraction constitutes 
Olive Mill Wastewater (OMW) (Figure 1.1). The quantity of OMW produced in 
the process ranges from 0.5 to 2 kg per kg of olives (Cabrera et aI., 1996), 
depending on the oil extraction system. OMW is a dark liquid containing many 
dissolved and suspended substances. When newly produced, it has a smell 
reminiscent of olive oil, but when fermented it assumes a fetid smell. 
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Figure 1.1: Olive oil extraction products 
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(OMW) 
In the olive-growing countries of the Mediterranean area, the total volume of 
OMW is in excess of 30 million m3 per year (Skerratt & Ammar, 1999). OMW 
is produced during those months of the year when the olives are pressed 
(usually November to January in Palestine). This OMW is extremely polluting, 
with a very high chemical oxygen demand (COD) concentration (up to 200 g/I) 
(Skerratt & Ammar, 1999), it constitutes a major source of organic pollution in 
the Mediterranean region, posing a threat to both surface and groundwater 
quality, and creating a smell nuisance. 
1.2.3.2 Olive oil industry in Palestine 
More than ninety percent of the olives grown in Palestine are processed in the 
West Bank, in 256 mills. Olive mills can be divided into two types :centrifuge 
ones and the traditional ones, which in general are smaller in size. Current 
statistics indicate that 209 of the olive mills are in operation, while 47 are 
partially closed. The number of small sized traditional olive mills has 
decreased continuously. At present 9 of them are still operating. Although 
olive trees can be found all over the West Bank and Gaza Strip (Map 1.1), 
they are not equally distributed, so that significant differences can be found 
between the two regions. While the agricultural and economic sectors are 
mainly located in the south of the Gaza Strip (Khan Younis and Rafah), within 
the West Bank, these sectors are more prominent in the northern parts 
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(SWEMP-program,1999). In general, the relative importance in each area is 
reflected in the number and the size of the olive mills.). Within the West.Bank, 
olive mills are located as follows: 
Location/district Percentage 
Tulkerm 38.8% 
Ramallah and Bethlehem 18.7% 
Jenin 18.7% 
Nablus 18.4% 
Hebron 5.4% 
Map 1.1: Palestine 
l;,vr-"I-Balah 
WWW.world-gazetteer.com 
7 
1.2.3.3 Olive oil industry by products 
Olive oil extraction process results in three products: olive oil, solid waste and 
olive mill wastewater (OMW). OMW comes from the vegetation water together 
with the water used in various stages of olive extraction. 
Olive oil is the second major export item in Palestine. The total quantity of 
pressed olives in year 2001 was 22,154 tons (Alwazir, 2002), of which 23.8% 
were in Hebron, followed by Jenin district and Tubas district with 18.5%, then 
Tulkerm district with 11.4% of the total (Figure 1.2). The distribution of the 
quantities of pressed olives and extracted olive oil shown in Figure 1.2 were 
obtained from the Palestinian Central Bureau of Statistics (Alwazir, 2002). 
Figure 1.2: Distribution of pressed· olives and extracted olive oil % in 
Palestine. 2001 (Alwazir. 2002) 
30 
o Pressed Olive I Extracted Oil 
25 
20 
~ 15 
10 
5 
0 
Jenin& Tulkann Nabbs Qalqiliya Salfit RantalJ.ah Bethlehem HeblOn Gaza& Khan 
Tubas & AI- D.ir AI- Yunis & 
Bireh BaIah 
Govemorate\District 
Average annual output of olive oil in Palestine is estimated at 15,000 tonnes, 
whereas domestic consumption is estimated at 12,000 tonnes. Consequently, 
the amount of surplus oil fluctuates widely from one year to another, 
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Rafah 
amounting to around 6,000 tonnes in good years (Alwazir, 2002). Surplus 
olive oil was easily disposed of in the past in neighbouring Arab markets, but 
export potential to those markets dropped sharply in recent years, mainly in 
view of rising local production in those countries (especially in Jordan). Trial 
shipments to European and American markets, on the other hand, have 
ended with a great disappointment (Alwazir, 2002). 
The more important direct reason for the seemingly worsening "surplus" 
problem is the steady decline in the consumption of olive oil, which reportedly 
dropped from 10 kilograms per capita in the past (until the early 1980s), to 
around 4 kilograms per capita at present (Alwazir, 2002). Local consumers 
are increasingly shifting to other seed oils, and even to olive oil imported from 
other countries (e.g. Turkey, Greece and Spain). The main reasons for the 
reversals on the marketing side, whether in local or export markets, relate 
ultimately to weaker competitiveness. Production costs are relatively too high, 
mainly because of low productivity and excessive reliance on labour and 
animals (for ploughing). Both of these production inputs are expensive and 
lead to inferior productivity. 
Olive mill wastewater (OMW) is the highly pollutant olive by-product. Its 
disposal is an important environmental problem which needs to be solved. 
Problems associated with OMW are related to its components, its 
concentration and its seasonal production. OMW contains fine dust particles, 
fatty acids, grease, glycerol and aromatic compounds (polyphenol), and it has 
an intense dark colour. OMW equals almost 1.5 m3/tonne of raw olives. This 
large amount (approximately 200,000 m3 in 1992, table 1.1) generated within 
two month is an extremely concentrated effluent (BOO 50 -100 g/I and TSS 
65,000 mg/I) (Alwazir, 2002). Generated OMW is drained untreated into the 
sewage network, cesspits or open areas, without any consideration to their 
environmental impact on groundwater, surface water, or land. 
In addition to OMW, solid wastes in the form of compress pulp, known as 
olive cake, is also generated. This material is either discarded on neighboring 
lands, dumped at the dumping sites, or used as fuel. Table 1.1 represents 
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quantities of wastewater and solid waste generated at olive oil mills in the 
West Bank. / 
Table 1.1: Quantities of liguid and solid waste generated from olive oil 
mills in the West Bank (Arii 1997) I 
Year Quantities of olive 
used for olive oil 
(tonnes) 
1988 141400 
1989 6750 
1990 126000 
1991 . 2280 
1992 135000 
1993 2100 
1994 63800 
1995 50050 
1996 50884 
1997 24127 
-: data not reported 
1.2.4 Problems of OMW 
1.2.4.1 General 
OMW Solid waste 
m3 Tonnes 
212100 56560 
10125 2700 
189000 50400 
3420 912 
202500 54000 
3150 940 
95700 25520 
- -
- -
- -
The disposal of olive oil mill wastewaters (OMWs) is an environmental 
problem in Palestine, where the greatest quantities of olive oil are produced 
with a large volume of wastewater within only a few months (from November 
to January). The high polluting activity of OMWs is linked with their high 
content of organic molecules, especially aromatic polyphenolic mixtures (1 -10 
g/I) with different molecular weights (Hamdi, 1992). The polyphenol 
compounds of low molecular weight are highly toxic but biodegradable, while 
the polyphenol compounds of high molecular weight present little toxicity but 
are not easily biodegradable and are responsible for the intense black colour 
of OMW (Assas et aI., 2000). 
Besides aromatic. compounds, OMWs contain high concentrations of 
potassium, magnesium, and phosphate salts (Arienzo & Capasso, 2000) and 
other organic molecules, including nitrogen compounds, sugars, organic acids 
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and pectins (Della Greca et aI., 2000) that increase their organic load (COD = 
80 - 200 g/I; BOO = 50 - 100 g/I). Furthermore, the physicochemical 
characteristics of OMWs are rather variable, depending on climatic conditions, 
olive cultivars, the degree of fruit maturation, storage time, and extraction 
procedure. Other features of OMW are low pH (pH value between 3 and 5.9), 
a temperature of 25 - 45 QC on dumping and a great ease of fermentation on 
storage, which give rise to substantial changes in its composition (Gonzalez et 
aI., 1994). 
1.2.4.2 Environmental Effects 
The free disposal of OMW into the environment, though fairly common 
practice in Palestine, has disastrous effects on soil, on aquatic bodies, sewers 
and on urban wastewater treatment plants (Mendia et aI., 1986) because of its 
chemical and physical properties mentioned above. The effects of OMW on 
sewers are quite severe and are related to the acidity and the suspended 
solids contents. Because of the high concentration of organic acids, OMWs 
are very corrosive to sewer pipes. 
The main effects of OMW on urban waste water treatments plants are related 
to its concentration, composition and its seasonal production. Relatively small 
spills of olive mill effluents into the sewers have appreciable effects on the 
wastewater treatment plants, as pollution due to 1 m3 of OMW corresponds to 
that from 100 - 200 m3 of domestic sewage (Rozzi & Malpei, 1996). This 
overload on treatment plants can be dramatic, taking into account that in 
some areas the polluting load due to the OMW during the milling period can 
be up to ten times the domestic sewage load. Therefore, because of the 
potentially highly variable wastewater strength, problems are encountered in 
the design of wastewater treatment plants. OMW also represents other 
peculiar problems related to its composition, i.e. the low concentration of 
nitrogen and the appreciable concentration of slowly biodegradable 
compounds (such as tannins) that give OMWs their dark colour which is 
difficult to remove from the effluents. 
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If OMW is discharged into an aquatic system, the high concentrations of 
carbohydrates and other nutrients causes a rapid increase in microorganisms, 
which need dissolved oxygen. They reduce the amount of dissolved oxygen 
available in the water to other aerobic fauna. This can change the composition 
of an ecosystem. Fish can die, and the water can look and smell unpleasent 
(Rozzi & Malpei,1996). 
If discharged into soil, the lipids (found on OMW) can form an impermeable 
film on the soil surface. If OMWis discharged into rivers, the river banks can 
become coated with lipids from OMW, and if OMW is used for irrigation, the 
lipids can form a film on soil and leaf surfaces (Rozzi & Malpei, 1996). This 
film reduces permeability to sunlight, oxygen and water. The growth of 
affected plants is therefore reduced. Additionally OMW contains organic 
acids, minerals and other organic components which can affect the biological 
balance and the cation-exchange capacity of soils (Rozzi & Malpei, 1996). 
Some phenols and organic acids have a toxic effect on olive trees and other 
plants, either through the direct application of OMW used for irrigation or 
indirectly when flooding occurs. Discharge of OMW into either an aquatic or 
terrestrial system will create a pervasive and intense smell over the whole 
region where olives are processed (SWEMP-Program, 1999). 
1.2.5 Treatment of OMW 
Direct dumping of olive mill wastewater in the environment is unacceptable 
due to its high organic load and the presence of polyphenols. Thus treatment 
is required prior to disposal (NAIAS, 2002). All treatment processes 
developed for domestic and industrial wastewater have been tested on OMW 
either in the laboratory or at a pilot plant. Most of the reported experiments of 
olive wastewater purification are concerned with aerobic and anaerobic 
digestion. Several pretreatment techniques have been worked out to reduce 
the impact of OMWs on municipal plants and on the water bodies which 
receive OMW by using microrganisms and chemical or physicochemical 
methods. Up to now, no economical, and water saving method has been 
developed for the practical application (NAIAS, 2002). 
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At present, Italian regulations allow the spreading of OMW into agricultural 
soil, subject to certain limitations, because of the expense of new 
technologies for pretreatments and the difficulty of conventional treatment 
methods (Fiorentino et aI., 2003). This has also recently been legalised in 
Portugal (Casa, 2003). However this practice is performed illegally in several 
other olive-producing countries, in the absence of specific laws regarding 
OMW disposal and treatment. This practice causes extensive pollution of the 
soil and even transfers harmful compounds into other media, such as 
groundwaters and surface waters (Fiorentino et aI., 2003). 
Olive mills in Spain have been transformed into two-phase mills rather than 
three-phase, which considerably reduces the volume of water required by the 
olive mill and the volume of wastewater produced accordingly. However it 
creates a new problem, by producing an olive pomace! wastewater mixture 
which must then be treated (Martella et aI., 2000). 
In an effort to tackle the problem of OMW, numerous research programmes in 
Greece have applied different biological or physical-chemical (NAIAS, 2002). 
However, all come to the conclusion that no-one has come up with a 
satisfactory technical solution, at least not in the case of Greece, where the 
olive mills are scattered all over the territory and are mainly small businesses. 
Evaporation ponds (Photo 1.1) are 
nowadays the dominant treating 
method (Dekker, 2003), in Crete in 
southern Greece, where limited rainfall 
increases their efficiency. Most ponds 
are 1.5 m deep with an effective 
volume of 500-700 m3 (Dekker, 2003), 
depending on the mill size. The 
wastewater produced evaporates 
during spring and summer, leaving a 
cake of suspended solid matter at the 
bottom. 
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Photo 1.1: Evaporation pond of 
OMW (Dekker, 2003) 
In Tunisia , many research studies were carried out to treat OMW using 
physical , chemical and biological techniques both at laboratory and in small-
scale plants . Biological pilot plant at Tunis International Centre (CITET) was a 
result of several years of research . The procedure for treatment consisted of 
three stage including aerobic treatment, anaerobic and aerobic treatment. The 
maximum reduction of polluting loads achieved by this biological treatment is 
20% (CITET, 2003). However, the efficiency of this pilot plant decreased 
when the OMW (needed to be treated) was stored for a certain periods. In a 
large scale , evaporation ponds are the common practices for treating OMW in 
different areas in Tunisia . 
In Palestine OMW is drained into cesspits, sewerage systems or released 
directly to the surrounding area of an olive mill, while the contents of the 
cesspits in most cases are later also discharged 
into wad is (Photo 1.2) or into landfill sites. At 
present there is no application of the legislation 
to prohibit or restricted the indiscriminate 
discharge of OMW according to Palestinian 
Environmental law due to the existing political 
situation. However in the near future this 
situation might change, with the application of 
Environmental law and a legal guideline could 
then be taken for possible measures to solve 
OMW problems. 
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Photo 1.2: Dumping OMW 
to Wadi (SWEMP-Program, 
19991 
1.3 Summary 
The manufacture of olive oil produces large volumes of a dark·coloured·juice. 
OMW consists of a mixture of water from the olives, machinery cooling 
waters, water from fruit washing and fruit solids. The composition of OMW is 
rather variable depending on crop , variety of fruit and in particular on the 
technological system used for oil extraction (press or centrifugation) . 
This waste causes large-scale environmental problems in the Mediterranean 
area. The environmental impact of discharged OMW is on the one hand, 
induced by its physical and chemical properties and on the other hand, by the 
large volume discharged in an uncontrolled way over a short period. Toxic 
effects of OMW are derived from the nature of some of their constituents; its 
extremely high organic load and the presence of recalcitrant organic 
compounds such as polyphenol with strong antimicrobial properties makes its 
COD and BOO values too high (COD = 80 - 200 g/I; BOO = 50 - 100 g/I) for its 
safe disposal in an untreated form . 
However, all the treatment processes used for domestic or industrial waste 
have been tested on OMW in most of the Mediterranean countries (such as 
Italy, Spain, Crete, Portugal and Tunisia.) either on laboratory or on a large 
scale in pilot plants. Up to now, no economic and water saving method has 
been developed for practical application. At present, Italian regulations allow 
the spreading of OMWs on agricultural soil, and legislation has also been 
passed which allows the land spreading of OMW in Portugal. In Palestine, 
OMW is either directly discharged to the surrounding area of an olive mill or is 
discharged to the sewerage system or drained to cesspits. 
15 
Outline of chapter 2 : Aims and Objectives 
2.1 Introduction 
2.2 Aims 
2.3 Objectives 
2.4 Hypothesis 
2.5 Methodology 
2.5.1 Literature research and Review 
2.5.2 Experiment works 
2.5.3 Treatment options 
2.5.4 Social survey 
2.5.5 Institutional contexts 
2.5.7 Economic analysis 
2.5.8 Final selection of OMW treatment techniques 
2.6 Approach of the Thesis 
16 
2 Aims and Objectives 
2.1 Introduction 
Random disposal of OMW in Palestine creates a very dangerous 
environmental health problem. A huge amount of untreated heavily polluted 
wastewater is disposed into the open areas within a few months each year. 
Different approaches can be taken for the selection of physical infrastructure. 
Each approach concentrates on one or more aspects and ignores others. For 
example the BPEO approach (Best Possible Environmental Option) 
concentrates on environmental issues alone, and does not consider skills, 
costs, land area and institutional aspects. The BATNEEC approach (Best 
Available Techniques Not Entailing Excessive Cost) is better, and 
concentrates on technical and economic issues. 
The approach in this research looks beyond technical, environmental and 
economic issues. This research addresses technical , economic, 
environmental , social and institutional aspects. It is believed that all of these 
aspects need to be integrated to achieve successful projects. For example, 
there is no benefit in imposing the most effective technology for treating OMW 
if there is no mechanism to ensure that it is affordable, using available skills, 
and acceptable to local people. 
This research will focus on providing guidance for the selection of suitable 
technology for treating OMW in Palestine, taking into account the technical, 
environmental, economical, social and institutional aspects. The technical 
issues relating to projects are invariably interwoven with economic, financial, 
institutional, environmental and social issues and cannot be examined in 
isolation. In most development projects, technical difficulties are easier to 
solve than social or cultural issues. Changing the attitudes of individuals and 
institutions is difficult and people may resist change and be reluctant to 
participate. In order to develop and implement projects that are both 
environmentally sound and sustainable, appropriate technologies should be 
used. Such technologies should suit local conditions, available skills and be 
within the financial means of the populations. This would ensure that the 
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needs and problems of the population concerned are addressed and their 
support for, and participation in, project activities are secured. 
This chapter highlights the purpose of the study and outlines the objectives 
and hypothesis. Finally it describes the methodology followed to achieve the 
aim and the objectives for this study. 
2.2 Aims 
Accordingly, the aim of the research project is to identify practical techniques 
to reduce the environmental damage caused by wastewater from the olive 
industry, through managing the olive mill wastewater (OMW). This can be 
achieved by increasing the efficiency of OMW treatment to ensure a reduction 
of the pollutants loads below specific limits while attempting to minimise 
investment and cost and taking into consideration the special socio economic 
situation in Palestine. 
2.3 Objectives 
In order to achieve the research aims, it is necessary to understand and 
categorise OMW. Specific project objectives are therefore: 
1. To understand OMW characteristics and storage conditions 
2. To gain an understanding of potential treatment options and their 
advantages and disadvantages. 
3. To understand social and institutional attitudes within Palestine 
4. To determine the suitable technology for OMW treatment in Palestine 
taking into account the technical , environmental, economic, social and 
institutional aspects. 
5. To draw Management Plan for OMW in Palestine 
2.4 Hypothesis 
To establish whether the research aim can be achieved, it is necessary to 
prove or disprove certain hypotheses. The hypotheses for this research 
project are: 
• OMW characteristics and oxidation behaviours can be defined and 
reliably predicted. 
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• A management plan for olive mill wastewater storage, treatment and 
disposal can be identified for implementation that is appropriate to the 
situation in Palestine and the environmental problems currently 
associated with OMW. 
2.5 Methodology 
In order to establish a management plan for handling and disposal of OMW to 
achieve the goals and objectives of this research, the researcher carried out a 
range of activities to develop a thorough understanding of the problem. In the 
following sections, descriptions of the aims and methods used for each 
activity are presented. 
2.5.1 Literature research and Review 
In order to understand the research problem and to be familiar with what has 
previously been done in the field of olive mill wastewater treatment and 
disposal, Internet access to outline materials and the library facilities at 
Loughborough University and in Tunisia were used throughout the research 
period. In addition , relevant experts and other researchers in this field were 
contacted. Separate literature reviews were undertaken for OMW storage and 
composition , and treatment options. As a result of the first literature review, 
considering OMW storage and composition, the olive oil extraction process, 
the physical and chemical characteristics of OMW (specially the phenolic 
compounds) and the OMW handling and disposal problems were reviewed . In 
the second literature review, various OMW treatment techniques, which have 
been studied for research purposes, were reviewed in order to define their 
most important features , and the process performance, limitations and 
constraints of each process. 
2.5.2 Experimental works 
From the literature, it was concluded that among the physico-chemical 
characteristics of OMW, the high concentration of the phenolic compounds (1-
10 g/I) of different molecular weights poses a big environmental problem in 
Mediterranean countries. While the low molecular weight phenolic compounds 
are toxic and biodegradable, the higher molecular weights (polyphenols) show 
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little biodegradability but are not toxic and are responsible for the intensive 
dark colour of OMW. 
Assas et al. (2000) observed that the colour of OMW becomes darker when it 
was stored for some time, and suggested that this change in colour might be 
a result of the oxidation and subsequent polymerization of simple phenolic 
compounds found in fresh OMW, resulting in darkly colour polyphenols. 
However, none of the researchers investigated the factors which influence this 
oxidation to confirm or disprove this suggestion. With this in mind, the purpose 
of the experimental work as: 
• To determine the factors which influence the oxidation and 
polymerization of phenolic compounds. 
• To understand the behaviour of OMW in relation to storage time. 
• To optimize the conditions for OMW storage prior to treatment. 
2.5.3 Treatment options 
This research reviewed the available treatment options for olive mill waste. 
Many publications were reviewed , taking into consideration the advantages, 
disadvantages and limitations of each treatment option. Possible options for 
treatment of OMWs were introduced and assessed, to provide a full overview 
of what may be applicable. Afterwards, an initial assessment of appropriate 
and suitable treatment for OMW in Palestine was carried out taking into 
account the construction and operation cost, simplicity, previous experience 
and low power requirement. Finally, the most promising options for use in 
Palestine were identified for further evaluation. For further evaluations social, 
institutional and economical analysis were undertaken, as it should be 
emphasized that the technical issues relating to select the suitable techniques 
for treating OMW are interwoven with social, institutional, environmental, 
financial and economic issues and cannot be examined in isolation. The 
following sections presented the methods followed in social, institutional and 
economic analysis. 
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2.5.4 Social survey 
Development projects depend on an effective partnership between project 
planners and the local community. Planners cannot rely only on technical 
solutions but need to know people's beliefs, opinion and attitudes. Projects 
work best when they are in tune with real community needs. In order to 
achieve sustainability in any proposed management system for handling and 
disposal of OMW , it is important to identify the interests of the olive mill 
owners in relation to the problem addressed by this research. 
The main social research methods are informal methods (such as: participant 
observations, case study, key informant and group discussion) which give a 
rapid feel for a problem, and formal methods (such as social survey and 
controlled observation and experiments) which are the best when more 
precise statistical answers are wanted to carefully defined questions on topics 
which comprehensively understood (Nichols , 1991). In this research a formal 
"social survey" method was followed. Data were collected through use of 
questionnaires. 
A social survey was conducted on willing owners of olive mills in the West 
Bank / Palestine. The survey focused on mill capacity (olives processed) , the 
quantities of OMW generated, and the methods followed by the olive mill 
owners in storing, handling and disposing of OMW. Finally the survey 
examined the degree of acceptance by olive mill owners in applying a new 
management plan for handling and disposing of OMW. 
2.5.5 Institutional contexts 
It is important to predict whether a proposed technical solution can be 
supported by the institutions, and whether the government is be able to 
control the design, construction and operational efficiency of the design 
projects. The policy choices open to a government to take action to manage 
its environment can be simplified as (Winpenny, 1991) regulation, persuasion, 
the use of property rights, the use of economic instruments, including charges 
and taxes, subsidies , deposit refund schemes. 
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It is therefore important to predict whether any proposed technology for 
treating OMW in Palestine can be supported by the institutions. Regulations 
and laws available in Palestine to manage and monitor OMW had been 
considered and reviewed. Regulation is still the leading method of controlling 
environmental abuse (Winpenny, 1991). Regulation forces all parties to 
comply whatever their circumstances, and whatever their compliance costs. 
Once a firm, or individual, has adjusted to meet the legal requirement, there is 
no further incentive to improve the use of the environment. 
2.5.6 Economic analYSis 
Cost-benefit analysis (CBA) was attempted for the economic analysis in this 
research . Due to insufficient data, it was not possible to estimate the costs 
and benefits of the selected options of OMW treatment in Palestine. The lack 
of data makes the identification of environmental impacts of the options very 
difficult. It was difficult to predict all of the environmental effects of the options. 
In addition "The Environmental benefits of pollution prevention are often more 
difficult to measure than the costs" (CARES, 1994). Based on the above 
problems, the costs and benefits for the different alternatives of OMW 
treatment including the current option of doing nothing were only identified 
qualitatively and summarized in a table. The costs and benefits were identified 
for two target groups, the olive mill owners and the society, as the costs for 
one of them may be the benefits for the others. 
2.5.7 Final selection of OMW treatment techniques 
Due to the difficulties which arise when attempting to use CBA to compare 
between the pre-selected techniques of OMW treatment, it was found that it 
might be more appropriate to ignore the monetary values and rely on some 
more subjective scoring and weighting systems to reflect decision makers' or 
interest groups' preferences. In particular multi criteria analysis (MCA) can 
provide more flexibility than CBA, and is more comprehensive in its coverage 
and involves combinations of some criteria, which are valued in monetary 
terms, and other for which monetary valuations do not exist (OD PM, 2001). 
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In this research multi criteria analysis (MCA) was used to compare between 
the pre-selected options of OMW treatment taking into account the Palestin ian 
limitations and constraints, a promising treatment option has been 
recommended with a complete management plan for storing, transporting, 
treating and disposing of the wastes. 
2.6 Approach of the Thesis 
As stated previously this thesis considers a range of technical and non-
technical aspects. Chapters 3, 4, 5, 6 and 7 concentrate on technical issues, 
while chapters 8 and 9 concentrate on non-technical issues. A variety of 
approaches are used to achieve the project aims. Chapter one has provided 
an introduction to the subject matter, provides a general background to the 
study area, an introduction to the olive oil industry and its by-products, and it 
highlights OMW problems and OMW treatment. 
Chapter two highlights the purpose and aim of the study outlining the 
objectives and hypothesis, and also describes the methodology followed to 
achieve the aim and objectives of this study. It concludes with the thesis 
approach presented in Figure 2.1. 
Chapters three and four constitute a review of the literature on the 
characteristics and composition of OMW. Chapter three reviews different 
methods of olive oil extraction and the characteristics and compositions of the 
effluents generated from these olive oil extraction processes in particular, 
OMW. Also in this chapter, the impact of discharging OMW into the 
environment is presented. Chapter four presents a literature review of 
phenolic compounds, and their effects on the environment. It also describes 
the main phenoliC compounds found in olive oil and in OMW and the oxidation 
behaviour of the phenolic compounds. 
Chapter five concentrates on the experiments carried out to study the storage 
conditions of OMW. Chapter six introduces the High Performance Liquid 
Chromatography (HPLC) analyses carried out to identify the phenolic 
compounds found on OMW samples. 
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Chapter seven reviews the OMW treatment technologies tested for OMW in 
the laboratory or on a large scale in pilot plants , then identifies the key 
variables of pre-selection for some technologies. 
Chapter eight addresses the results of a social survey conducted to study the 
attitudes of olive mill owners towards the environmental effect of disposing 
untreated OMW and the attitudes of olive mill owners towards developing a 
new management system for storage, treatment and disposing of OMW. 
Chapter nine presents the various institutions involved in protecting the 
environment in Palestine and reviewed the relevant legislation. Beside that, 
this chapter discusses current practices of olive mill wastewater. Following the 
initial selection of OMW technologies and the institutional and social studies , 
chapter ten discusses the final selection of suitable technology for OMW 
treatment. 
Chapter eleven outlines the final conclusions and recommendations. 
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Figure 2.1: The approach of the Thesis 
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3 Literature Review on Olive Mill Wastewater 
3.1 Introduction 
Several traditional and modern processes are used for olive oil production. The 
traditional methods of extraction (based on presses), and continuous 3-phase 
decanting processes generate one stream of olive oil and two streams of waste 
(wastewater, solid waste). The new 2-phase method of decanting produces one 
stream of olive oil and a single stream of very wet solid waste (Project Improlive, 
2000). This chapter reviews these different extraction methods and the 
characteristics and a composition of the effluents generated from the olive oil 
extraction processes, particularly the olive mill wastewater (OMW). In addition, the 
impact of discharging OMW into the environment is presented. 
A review of OMW treatment studies is presented in chapter 7. However, after 
intensive research on-line for social and institutional aspects of OMW on different 
Mediterranean counties, nothing was found. All the data published were emphasising 
the technical issues and were concentrated on the methods of treating OMW. 
3.2 Background 
Olive trees are among the oldest fruit trees in existence. 
They also live for a long time; some olive trees in 
Palestine are believed to be over 2,000 years old 
(Alwazir, 2002). Originating in the countries around the 
Mediterranean Sea, the tree prefers a climate with a wet 
and cool winter and a dry and warm summer. Olives go 
through a number of growth stages. They start out as a 
green fruit, which turns yellowish, then reddish and finally 
black as they ripen (Alwazir, 2002). 
Photo 3.1: Olive Trees 
The olive consists of pulp (75%-85 % by weight), stone (13 - 23 % by weight) and 
seed (2 - 3 % by weight) . The seed is contained within the stone (Maestro, 1989). 
The chemical composition of olives is shown in Table 3.1 
Presently there are more than 600 million productive olive trees on the planet, which 
occupy a su rface area of 8.3 million hectares. Olive trees are mainly grown for oil , but 
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the olives are also eaten The worldwide production of edible olives and olive oil has 
been calculated at 15 and 2.3 million metric tonnes, respectively (FAOSTAT, 2003). 
Olive cultivation maintains an essential position in the economy, ecology ~nd social 
life of Mediterranean countries (e.g. Spain, Italy, Greece, Turkey, Tunisia, Morocco, 
Libya, Palestine and Algeria) , where almost 98% of the world olive tree growing is 
concentrated (ZeNakis et al. , 1996). 
Table 3.1 : Composition of Olives (Project improlive,2000) 
Constituents . , . Pulp . Stone Seed 
Water . ' 50-60 9.3 30 
, ,Oil 15-30 0.7 27.3 
Constituents containing , 2-5 3.4 10.2 
. nitr~~!l 
Sugar ' " 3-7.5 41 26.6 
Cellulose 3-6 38 1.9 
Minerals 1-2 4.1 1.5 
. Polyphenols (aromatic 2-2.25 I 01 0.5-1 
substances) 
Others - 3.4 2.4 
Values in percent by weight (%) 
Source: Project Improbve, 2000 
Over 50% of the world production of olives comes from Spain and Italy, while Greece 
and Tunisia account for another 30% of the world production. The benefits of olive 
trees are clear: they grow in rather arid areas, protect against desertification and soil 
erosion , and help to regulate the hydrological cycle. Olive oil has a high dietetic and 
nutritional quality, and even seems to have positive effects in the prevention and 
reduction of vascular problems, high blood pressure, arteriosclerosis, thrombosis and 
some types of cancer (Filik and Ozyilkan, 2003) . 
The production of olive oil varies from one year to another because of several factors 
mainly related to weather and the diseases that can affect the trees and their olives. 
An overall view of the Mediterranean data for olive oil production from 1997-2002, 
from the FAOSTAT database (FAOSTAT, 2003) , is shown in Figure 3.1 . 
The three main producer countries, Spain, Italy and Greece, are closely followed by 
Tunisia, Syria and Turkey. The contributions of other countries such as Morocco, 
Algeria, Portugal, West Bank, Jordan, Libya and Lebanon are much lower. 
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Figure 3.1: Olive oil production in the Mediterranean region 
(1997-2002) 
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3.3 Olive oil extraction processes 
Olive oil can be extracted either simply by pressure (traditional) or by 
centrifugation, using either a 2-phase or 3-phase system (see Figures 3.2, 3.3 
& 3.4). In all cases, the olives are firstly washed, and then crushed and 
ground . 
3.3.1 Traditional (pressure) extraction of olive oil 
Pressure-extraction is a mechanical batch process, 
involving the application of pressure to a stack of mats 
smeared with olive paste which are stashed alternately 
with metal discs and placed on a frame that is fitted with 
a central spike. This method requires little energy 
compared to other techniques but a great deal of manual 
labour. The liquid that comes out of the press is then 
separated into oil and wastewater either by gravity or by 
centrifugation . In olive oil mills which use the single or 
double pressing method, the oil yield depends upon the 
pressure that is applied to extract the oil. 
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Photo 3.2:Traditional 
extraction of olive oil 
Experiments conducted in Spain indicated that oil from presses has a higher overall 
free acidity for higher polyphenol content, than the oil from centrifugal E:lxtraction 
(Vossen, 1997). 
A process diagram for pressure extraction is shown in Figure 3.2. The cold wash-
water may be recycled, so the wastewater from the separation stage is the main 
component of OMW. 
Figure 3.2: The traditional extraction of olive oil (Skerratt & Ammar, 1999) 
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3.3.2 3-phase centrifugal extraction of olive oil 
In this more recent process, pulp is processed into a 
three-phase decanter where it is separated into impure 
oil, liquid waste (OMW), and solid waste phases. 
Decanters are large horizontal centrifuges (large 
cylinders that spin rapidly about their central horizontal 
axis). The rapid spinning moves the heavier solid 
materials to the outside, a lighter liquid waste layer is 
formed with the lightest layer of impure oil on the inside. 
Hot water 
Separation by 
gravity/centrifugation 
Wastewater 
Olive oil 
I 
Photo 3.3: 3-phase 
centrifugal extraction unit 
The liquid waste and the impure oil are conducted across separate vibration screens. 
A process diagram for 3-phase extraction is shown in Figure 3.3. 
Centrifugal extraction is a continuous process with olive paste being fed into the 
decanter, and the oil, OMW and solid waste being separated and removed . Once 
again, the main component of OMW comes from the final separation stage. 
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The 3-phase extraction method was developed in the 1970s in order to reduce labour 
costs and increase processing capacity and the yield of oil. While traditional methods 
can process around 8 -10 tonnes of olives per day, a 3-phase continuous system can 
process 30-32 tonnes per day with a much reduced labour requirement (Skerratt & 
Ammar, 1999). 
Unfortunately, the 3-phase process uses around 50% more water than the simple 
pressing method, and generates 50% more wastewater per unit mass of fruit 
processed (Skerratt & Ammar, 1999). 
Figure 3.3: 3-phase centrifugal extraction of olive oil (Skerratt & Ammar, 1999) 
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3.3.3 2-phase centrifugal extraction of olive oil 
As a consequence, more recently, the 2-phase process (which uses much less water 
than the 3-phase) was developed, extensively adapted in Spain and has increased in 
popularity in Italy and Greece. The 2-phase system functions under the same 
principles as the 3-phase system except that the solid and water phases are mixed 
together, but are separate from the oil phase. A process diagram for 2-phase 
extraction is shown in Figure 3.4. 
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Figure 3.4: 2-phase centrifugal extraction of olive oil (Skerratt & Ammar, 1999) 
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This method has inherent environmental problems associated with it, in that although 
it produces no wastewater as such, it combines the wastewater that is generated with 
solid waste to produce a single semi-solid effluent stream of 30% solids by mass. 
Th is doubles the amount of solid waste requiring disposal, and it cannot be 
composted or burned without some form of pre-treatment. It is also unsuitable for 
solvent extraction to produce more oil for soap manufacture (Skerratt & Ammar, 
1999). 
More than 30 million m3 of olive mill wastewater (OMW) are produced annually from 
olive processing (Assas et aI., 2000). The quantities and composition of wastes from 
olive mills vary considerably. From the traditional presses used for olive oil extraction, 
between 600-900 kg of OMW is generated per tonne of processed olives. Twice the 
quantity of OMW (between 1200-1700 kg of wastewater per tonne of processed 
olives) is produced with the 3-phase decanting method (Skerratt & Ammar, 1999; 
Project Improlive, 2000). The 3-phase process uses more water and therefore 
produces a more dilute wastewater, but the amount of waste material in the OMW is 
similar for both the traditional and the 3-phase processes. The concentration of 
constituents in OMW for traditional presses is therefore twice as high as in the OMW 
resulting from 3-phase decanting. The input-output analysis of material and the 
energy flow in each of the three olive oil extraction processes (traditional, 2-phase 
and 3-phase) is shown in Table 3.2. 
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Table 3.2: Comparative data for the three olive oil extraction processes 
1 1 
-
Extraction process 
" 
'I 1 Traditional 1 3-phase 1 2-phase _J 
1 Olive extracted (kg) 1 1000 1 1000 1 1000 I 
1 Energy input KWh 1 40-63 1 90-117 1 <90-117 I 
-
,I Oil produced (kg) 1 200 1 200 1 200 , 
Solid waste produced 400 500-600 800-950 I 
(kg) (25% water, (50% water, 4% (60% water, 3% 
6% oil) oil) oiD 
-
-
1 OMW produced (kg) 1 600-900 . 1 1200-1700 1 - I 
Sources: (Skerratt & Ammar, 1999), (Project improlive, 2000) 
The quantities of oil produced from the three olive oil extraction processes are the 
same, which is 20% of the weight of olives processed. However, the energy required 
in centrifugal processes (2-phase, 3-phase) is much more than in the traditional 
process, as the traditional process depends on manual labour, Although the 2-phase 
process produced no wastewater as such, it combines the wastewater that is 
generated with solid waste to produce a single semi-solid effluent stream. This 
doubles the amount of solid waste requiring disposal 
In Palestine the number of traditional mills has been decreasing continuously since 
the development of centrifugal extraction techniques. At present (2003) only 9 out of 
209 mills in Palestine are still using traditional extraction processes while the other 
200 mills are using the 3-phase continuous extraction process. 
3.4 Olive mill wastewater characteristics 
Wastewater effluent from olive mills (OMW) is extremely polluting and constitutes a 
major source of organic pollution. OMW has the following general physical and 
chemical characteristics (Lopez, 1992): 
intensive violet-dark brown up to black colour; 
strong specific smell; 
high degree of organic pollution; 
slightly acid pH; 
COD/BOOs ratio between 2.5 and 5 (not readily degradable) ; 
High content of polyphenol ; and 
high content of solid matter. 
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The chemical composition of OMW is very variable depending on many factors such 
as: the olive variety, cultivation system, degree of maturity of the fruit , climate and 
soil condition and the procedure of oil extraction . Generally OMW contains 'S3 - 94% 
water, 4 - 16% organic matters and 0.4 - 2.5% of mineral salts (Cabrera et al ., 1996). 
The following sections describe the various fractions of the organic matters and the 
mineral salts in OMW. The composition of OMW is shown schematically in Figure 
3.5. 
3.4.1 Organic Matters 
As an organic component of OMW, phenolic compounds (2-15% of the organic 
matters) deserve special attention because they are responsible for the dark colour 
of OMW and its phytotoxic and anti-microbial properties (Tsioulpas et aI. , 2002). 
Phenolic compounds contained in OMW can be divided into two main groups: The 
first group contains simple phenolic compounds of low molecular weight; these 
compounds are very toxic but biodegradable. The second group contains complex 
polyphenolic compounds with high molecular weight resulting from the oxidation and 
polymerisation of the simple phenolic compounds during OMW storage. This group 
(polyphenols) is responsible for the intensive dark colour of OMW and they are not 
toxic but at the same time they not easily biodegradable (Hamdi, 1992). More than 50 
phenolic compounds have been found in OMW (Cabrera et aI., 1996). The well-
known phenolic compounds present in OMW , as described in the literature by 
several authors, are (Knupp et aI. , 1996): 
• Tyrosol 
• Hydroxytyrosol 
• p-coumaric acid 
• Caffeic acid 
• Ferulic acid 
• Vanillic acids 
• 3,4 - Dihydroxyphenylglycol 
• 4-Hydroxybenzoic acid 
• Protocatechuic acid 
• Benzcatechol 
• 4-Hydroxyphenyl acetic acid 
• 3,4 Dihydroxyphenyl acetic acid 
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Oil 
However, hydroxytyrosol and tyrosol are the most abundant phenolic compounds 
(Lesage et al., 2001). 
Besides the phenolic compounds, organic matters in OMW are comprised of oil (1-
14%), polysaccharides (13-54%) and protein (8-1 6%). 
3.4.2 Mineral salts 
OMW mineral salts are made up mainly of carbonates (21%), phosphates (14%), 
potassium (47%) and sodium (7%), (Cabrera, 1996). 
A comparison of the characteristics of OMW produced by the principal oil extraction 
methods (trad itional and centrifuge extraction) is given in Table 3.3. The 
concentration of several parameters (such as BOO, COD and polyphenols) in OMW 
from trad itional presses is app roximately twice that of the OMW resulting from 3-
phase decanting. Table 3.4 summarizes some data from different researchers 
concerning the constituents of olive mill wastewater (OMW). 
Figure 3.5: General chemical compositions of OMW 
OMW 
100 % 
~ ~ 
Water Organic matter Mineral salts 
83-94 % 4-16 % 0.4-2.5 % 
L 
~ ~ ~ ~ ~ 
Polysaccharides Protein Organic acids Polyalcohols Polyphenol 
1-14 % 13-54% 8-16% 3·10 % 3-10% 2-15 % 
~ ~ ~ ~ 
Carbonates Phosphates Potassium Sodium 
21 % 14% 47 % 7 % 
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Table 3.3: Typical characteristics of OMW according to oil extraction 
system used 
, 'Parameter ,'" Traditional k3-phase centr.if~ation 
" ~., extraction " ,,' extraction 
pH 4,7-5.7 4.5-5.9 
COD (g/ l) 42-389 15-199 
BOD5 (g/l) 90-100 30-50 
Total solid (g/l) 15-266 10-161 
Suspended solids (g/l) 1-2 6-9 
Oil (g/l) 0.2-11,5 0.4-29,8 
Reducing sugars (g/l) 9,7-67,1 1.6-34,7 
Polyp he no Is (g/l) 1.4-14,3 0.4-7,1 
Hydroxytyrosol (mg/l) 71-937 43-426 
o-Diphenols (g/l) 0.9-13,3 0.3-6,0 
Organic nitrogen(g/l) 0,15-1,1 0,14-0,97 
Total phosphorus (mg/l) 157-915 42-495 
Sodium(mg/l) 38-285 18-124 
Potassium(mg/l) 1500-5000 630-2500 
Calcium (mg/l) 58-408 47-200 
Magnesium (mg/l) 90-336 60-180 
Iron (mg/l) 16.4-86.4 8.8-31.5 
Copper (mg/l) 1,1-4,7 1.1-3.4 
Zinc (mg/l) 1,6-6.5 1.4-4,5 
Manganese (mg/l) 2.2-8.9 0.9-5,2 
Nickel (mg/l) 0,5-1.6 0.3-1,5 
Cobalt (mg/l) 0,2-0.9 0.1-0,5 
Lead (mgll) 0.4-1.8 0.4-0,7 
(Skerratt & Ammar.1999) 
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Table 3.4: Comparison of parameters of OMW determined by different 
researchers 
Parameter , 
" 
Fiestas Hamdi Assas 
,,}.. " ~ ." (1986~ 
, (1'993) 
'5' 
:J2OOO) 
pH 4.7 3-5.9 5.09 
Chemical oxygen demand - 40-220 121.8 
(COD), g/I 
Biochemical oxygen demand - 23-100 -
(BOD 5). g/I 
Total suspended solids 1-3 1-20 102.5 
(TSS), g/I 
Organic total solids, g/I - - 81.6 
Fats & oil, g/I - 1-23 9.8 
Polyphenol, g/I 3-8 5-89 6.2 
Total nitrogen, g/I 0.3-0.6 0.3-1.2 0.95 
Conclusions from the above tables (3.3 and 3.4) 
, 
• Oil extraction by traditional methods generally produces more polluting 
effluents than that generated by centrifuge. The concentration of several 
constituents in OMW for traditional presses is approximately twice that in the 
OMW resulting from 3-phase decanting. For example the COD and BOO 
concentrations in OMW generated by traditional methods are up to 389 and 
100 g/I respectively, while the centrifugal method produced OMW with COD 
and BOO concentrations of up to 199 and 50 g/I respectively. Similar 
concentration rates apply for other chemicals except the oil and the 
suspended solid concentrations, which showed higher concentrations in OMW 
produced by centrifugal methods than in OMW generated by traditional 
methods. The concentrations of suspended solids and oil in the OMW 
produced by centrifugal methods are 9 and 29.8 g/I respectively, while the 
highest suspended solids and oil concentration in OMW generated by 
traditional methods are 2 and 11.5 9/1 respectively. 
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• The chemical compositions of OMW generated either from the traditional or 
centrifugal processes show a wide range of concentrations. The different 
characteristics may be due to the variety of olives, their ripeness, cli'mate and 
soil. 
• The OMW pH is low (between 3.0 and 5.9). 
• OMW has a high organic concentration. The measured concentrations of COD 
can be as high as 389 g/I and 100 g/I respectively, and the COD/BOO ratio 
can be up to 4, which makes OMW difficult to biodegrade by conventional 
aerobic biological treatment. 
• From Table 3.4 it can be seen that some research states specific 
concentrations, while other research gives a range. The range of 
concentrations for polyphenols quoted by Hamdi (1993) appears unusual. 
• OMW has high total and suspended solids concentrations of up to 266 and 9 
g/I respectively. 
• OMW has high concentrations of potassium (up to 5000 mg/I) , magnesium (up 
to 336 mg/I and phosphate (up to 915 mg/I) salts. 
An analysis of Palestinian OMW is given in Table 3.5. Comparing the chemical 
compositions of this waste to that found in other literatures it was found that with the 
exception of T88, concentrations of chemicals in the OMW from Palestine were 
within the ranges of the chemical composition of OMW generated by centrifugal 
methods. This is expected as most of the mills found in Palestine use the centrifugal 
extraction methods. 
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Table 3.5:Comparison between Palestinian OMW compositions with data from 
other literatures 
Palestinian Literature concentration 
Parameter Units OMW value 
Concentration Traditional Centrifugal 
value (b) (b) 
(a) 
pH - 5.18 4.7-5.7 4.5-5.9 
EC (electric conductivity) ms/c 8.21 
m 
CO D (chem ical oxygen demand) g/l 93 42-389 15-199 
BOD (biochemical oxygen demand) g/I 45 90-100 30-50 
TSS (total suspended solid) g/l 16 1-2 6-9 
TDS (total dissolved solid) g/l 21 
FOG (Fat, Oil, Grease) g/l 4 0.2-11 .5 0.4-29.8 
T-P (total phosphorus) mg/I 265 157-915 42-495 
Tkj-N (total kjeldahl nitrogen) g/I 0.598 0.15-1.1 0.14-0.97 
Phenols g/l 3.509 1.4-14.3 0.4-7.1 
Source: a. Subah,2000 
b. Skerratt & Ammar,1999 
Comparing the typical Palestinian OMW concentration to the Jordanian standards for 
the discharge of industrial wastewater to the environment (wadi, rivers, groundwater 
recharge, and reuse in irrigation) and to regulations for the discharge to the municipal 
sewerage networks reveals that the concentration of pollutants in OMW significantly 
exceeds the prescribed limits for each category of discharge (see Table 3.6), 
particularly for COD, BOD and phenol parameters. COD, BOO and phenol 
concentrations in OMW are approximately 45, 50 and 350 times the maximum 
permitted limits for discharge to the municipal sewerage networks. Therefore, the 
discharge of OMW either to a sewer system or to the environment is strictly 
unacceptable unless OMW is pre-treated to an acceptable quality. 
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Table 3.6: Comparison of characteristics of OMW from Palestine with 
Jordanian standards and regulations 
Parameter Units 
pH -
EC (electric conductivity) ms/cm 
COD (chemical oxygen mg/I 
demand) 
BOO (biochemical oxygen mg/I 
demand) 
TSS (total suspended mgll 
solid) 
TDS (total dissolved solid) mg/I 
FOG (Fat, Oil , Grease) mg/I 
T -P (total phosphorus) mg/l 
Tkj-N (total kjeldah l mg/I 
nitrogen) 
Phenols mg/I 
Source: Subab, 2000 
3.5 OMW problems 
3.5.1 General problems 
Concentration 
value 
5.18 
8.21 
93,270 
45,282 
16,396 
20,952 
3,663 
265 
598 
3509 
Jordanian standards 
Maximum allowable limit 
Disposal Reuse Discharge 
to wadi for to urban 
& river irrigation sewer 
system 
6.5-9.0 6.5-8.4 5.5-9.5 
- - -
150 - 2100 
50 - 800 
50 100 1100 
3000 2000 -
5 5 50 
- - 50 
- - -
0.002 0.002 10 
OMW causes serious problems when it is discharged into the environment. Its 
negative effects are related to its physical chemical composition, its concentration 
and its seasonal production. In addition to the high concentrations of COD and 
phenolic compounds, OMW contains high concentrations of several organic 
compounds such as organic acids, sugars, tannins and pectins, that make them 
difficult to treat using biological processes. 
Basically, the presence of the complex phenolic derivatives in high concentrations 
(up to 10 g/I as total phenol) makes olive mill wastewaters phytotoxic and inhibits 
bacterial activity. Besides, OMW also contains inorganic compounds such as 
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chloride, sulfate and phosphoric salts of potassium as well as calcium, iron, 
magnesium, sodium, copper and traces of other elements (Turana et al., 2002). 
Finally, OMW is produced in a limited period of time (generally from November to 
March) and in very large quantities. More than 30 million m3 (Assas et al., 2000) are 
annually produced in the Mediterranean area) and their physical and chemical 
characteristics vary according to cultivars, harvesting time, type of olives and the 
technology used in the extraction process (pressing or centrifugation) . 
Table 3.7 shows the quantities of olive oil extracted and OMW generated, together 
with the estimated quantities of OMW per capita in the year 2000 for some of the 
Mediterranean countries. Although Gaza Strip in not included in this table, OMW in 
this region is relatively small compared to the West Bank (>90% of OMW is produced 
in the West Bank), and therefore the West Bank only is considered as the area of 
study in this research. 
Table 3.7 : The quantities of extracted olive oil, OMW generated and the OMW 
per capita for some Mediterranean countries for vear 2000 
. Country 'Olive oil 1- Olive mill Total PMW per c<:lpita 
production wastewater (OMW) • population .: , per rear 
(Ton) (Million ton) (Million capita~ ~Kglcapita/yr) 
t . l' . ~: ' . 
Spain 962,400 7.22 39.91 180.86 
Italy 507,400 3.81 57.53 66.15 
Greece 426,152 3.20 10.61 301 .24 
Turkey 185,000 1.39 66.67 20.81 
Tunisia 110,000 0.83 9.46 87.22 
Syria 165,354 1.24 16.19 76.60 
Lebanon 5,300 0.04 3.50 11.37 
Libya 6,000 0.05 5.29 8.51 
West Bank 12,904 0.10 1.25 77.42 
Morocco 40,000 0.30 29.88 10.04 
Algeria 30,488 0.23 30.29 7.55 
Jordan 27,202 0.20 4.91 41.53 
Potu gal 25,974 0.19 10.02 19.45 
Source: FAOSTAT, 2003 
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The generated OMW per capita is shown in Figure 3.6 for each of these countries . 
OMW produced per capita in Greece and Spain is very high with 301 m% apitalyr in 
Greece and 180 m3/capitalyr in Spain. In Italy, Tunisia, Syria and the West Bank, the 
waste production is in the range of 66-87 m3/capitalyr. In other Mediterranean 
countries, waste production is less than 20 m3/capita.yr. This means that in the West 
Bank, the waste from olive oi l extraction is more than the wastewater generated from 
domestic use (29 .2 m3/capita.yr (MOPIC, 1999)). 
Figure 3.6: OMW per capita in some of the Mediterranean Countries- 2000 
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3.5.2 Environmental impacts of OMW 
re -l 'i~ ,', n h: = .,..., r--1 n , , 
Country 
Free discharge of OMW into the environment causes serious effects on soil, aquatic 
life and wastewater collection and treatment facilities. Some of the impacts of OMW 
are explained below in more detai l. 
Impact on the aquatic life 
Olive mill wastewater (OMW) contains a considerable quantity of reduced sugar. 
Should this be discharged directly into natural waters, the result would be an 
increase in the number of microorganisms that would use the sugar as a source of 
substrate. An effect of this is the increased consumption of oxygen dissolved in the 
water, thus reducing the share of dissolved oxygen available for other living 
organisms, which cause an imbalance of the whole ecosystem. 
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Another similar process can result from the high phosphorus content. Phosphorus 
encourages and accelerates the growth of algae and increases the chances of 
eutrophication, destroying the whole ecological balance in natural waters . In contrast 
to nitrogen and carbon compounds, which escape after degradation as carbon 
dioxide and atmospheric nitrogen, phosphorus cannot be degraded but only 
deposited. This means that phosphorus is taken up only to a small extent via the food 
chain (plants -invertebrates - fish - birds). The presence of such a large quantity of 
nutrients in the OMW can provide a medium within which pathogens survive and 
infect waters. This can have severe consequences on the local aquatic life and 
humans that may come into contact with the water (Project improlive, 2000). 
Because OMW does not degrade easily, the phenols, organic and inorganic 
compounds can hinder the natural self-purification process in rivers and creeks 
(Project improlive, 2000). 
Impact on soil quality 
The OMW contains many acids, minerals and organics that could destroy the cation 
exchange capacity of the soil. This would lead to the destruction of micro-organisms 
in the soil , the soil-air and the air-water balance, and therefore to a reduction in soil 
fertility (Project improlive, 2000) 
Phytotoxicity 
The phenolic compounds and organic acids can cause phytotoxic effects on olive 
trees and other plants. This is of high importance because the OMW can come into 
contact with crops when olive OMW is discharged during the winter. 
Surface film 
The lipids in the OMW may form a film on the surface of rivers, their banks and 
surrounding farmlands. This film acts as a barrier blocking out sunlight and oxygen to 
microorganisms in the water, leading to reduced plant growth in the fields and 
riverbanks, and in tum this encourage soil erosion (Project improlive, 2000). 
Odours 
OMW tends to degrade anaerobically. Due to anaerobic fermentation of the OMW, 
methane and other pungent gases (hydrogen sulphide, etc.) emanate if OMW is 
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discharged into water bodies or into land. This creates a pervasive and intensive 
smell over the whole region where olives are processed (Project improlive, 2000). 
Effect of OMW on sewers 
The effects of OMW on sewers are quite severe and are related to the acidity and the 
suspended solids contents. Because of the high concentration of organic acids, 
OMW is very corrosive to sewer pipes (Rozzi and Malpei, 1996). 
Effect of OMW on urban wastewater treatment plants 
The main effects of OMW on urban wastewater plants are related to their seasonal 
production of OMW and its concentration and composition. Relatively small spills of 
olive mill effluents into sewers have appreciable effects on the wastewater treatment 
plants, as pollution due to 1 m3 of OMW corresponds to that from 100 - 200 m3 of 
domestic sewage (Rozzi and Malpei, 1996). This overload can be dramatic, taking 
into account that in some areas the polluting load due to OMW during the milling 
period can be up to ten times the domestic sewage load. Therefore, because of this 
highly variable input, operational problems with wastewater treatment plants are 
encountered Other particular problems caused by OMW on wastewater plants are 
related to their composition, i.e. the low concentration of nitrogen and the appreciable 
concentration of slowly biodegradable compounds that give a persistent dark colour 
which is difficult to remove from the effluents. 
3.6 Summary 
Olive trees are probably the longest-living fruit trees in existence. Some olive trees in 
Palestine were planted over 2,000 years ago, and 98% of the olive trees in the world 
are found in the Mediterranean region . Olives contain pulp, stones and seeds. 
There are three methods of olive oil extraction: traditional method which depend on 
pressure, and centrifugal method, consisting of 3-phase, and more recently 2-phase 
centrifugal extraction method. 
The effluents from olive extraction are oil, solid waste and the liquid wastewater 
(OMW). OMW causes severe problems if it discharged directly into the environment. 
The polluting effects of OMW result from its composition, concentration (COD up to 
200 g/I, phenol up to 10 g/I) and its seasonal production . The chemical compositions 
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of OMW vary widely depending on the variety of olive, its ripeness, the climate, soil 
condition and the method of extraction. 
The pollution concentration of OMW generated from traditional methods is 
approximately twice that of OMW produced from centrifugal methods, as in the 3-
phase centrifugal methods 50% more water is used during the extraction processes. 
Although the 2-phase process produced no wastewater as such, it combines the 
wastewater that is generated with solid waste to produce a single semi-solid effluent 
stream. This semi-solid effluent requires careful management and disposal if 
pollution is to be minimised. 
In general, OMW produced from traditional and 3-phase extraction methods contains 
83 - 90% water, 4 - 16% organic matter and 0.2 - 4% mineral salts. Among the 
organic matter the phenolic compounds (2 - 15% of the organic matter) deserve 
particular attention, as they are responsible for the black colour of OMW and its 
phytotocicity and its antimicrobial properties. 
However the phenolic compounds are divided into two groups, one group having low 
molecular weights and being toxic but biodegradable, the other group being phenolic 
compounds with high molecular weights and resulting from the oxidation and 
polymerisation of the first group when OMW has been stored for a time. The second 
group responsible for the black colour of OMW are not toxic but are very difficult to 
degrade The high concentration of the phenolic compounds in OMW poses a big 
environmental problem in the Mediterranean region . Other treatment problems 
associated with OMW are the low pH and high organic content. Thus , free discharge 
of OMW into environment causes serious effects on soil , aquatic life and wastewater 
collection treatment facilities. 
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3.7 Conclusions 
Other researchers are agreed that there is considerable variation in the composition 
of OMW , but out of the chemical contents the high concentration of the phenolic 
compounds is the biggest component which poses the greatest environmental 
problem in the Mediterranean region. The phenolic compounds having high 
molecular weights (polyphenols) are responsible for the black colour of OMW and for 
its phytotoxicity and antimicrobial characteristics. The polyphenol compounds result 
from the oxidation and polymerisation of the simple phenolic compounds found on 
OMW after it has been stored for a certain period. The resulting polyphenols are very 
complex and are not easily biodegradable. 
It is concluded that OMW is a polluted waste that cannot be disposed of safely into 
the environment without significant treatment. However, researchers have not 
studied the factors which affect the oxidation and polymerisation of the simple 
phenolic compounds. Therefore, based on what has been found in the literature, the 
aim of this research is to understand how OMW oxidises, and to study the factors 
which affect this oxidation, in order to establish an appropriate management system 
for handling and treatment of OMW in Palestine. 
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4 Phenol and Phenolic Compounds 
4.1 Introduction 
Phenol (C6H60 or C6H50 H) is an organic compound that contains a hydroxy 
group (OH) that is attached directly to a benzene ring (C6H6). The compound 
is formed when one hydrogen atom attached to a benzene ring is rep laced by 
a hydroxyl group (OH) (O'Leary, 2000). 
Phenol 
Pheno l is a manufactured substance. It is a colourless-to-white solid when 
pure. The commercial product is a liquid which has a sickening ly sweet and 
tarry odour (ATSDR, 1999). Phenol can be tasted and smelled at levels lower 
than those that are associated with harmful effects on human health. Phenol 
evaporates more slowly than water, and a moderate amount can fo rm a 
solution in water. Phenol is flammable (ATSDR, 1999). 
Phenol is used primaril y in the formation of phenolic resins . It is also used in 
the manufacture of nylon and other synthetic fibres. It is also used in 
slimicides (chemicals that kil l bacteria and fungi in slimes), as a disinfectant, 
as an antiseptic, and in medicinal preparations, such as mouthwash and 
throat lozenges (ASTDR, 1999). 
4.2 Properties of Phenol 
In phenol, the normal properties of the hydroxy group that are observed in 
alcohols are absent, and new chemical properties are shown for the hydroxy 
group that is attached to the benzene ring (ASTDR, 1999). 
Phenols are acid ic (i .e. the hydrogen atom of the hydroxy group is easily 
ionised and released as a hydrogen ion). This acidic property is demonstrated 
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in that phenol was formally called carbolic acid, when it was used as an 
antiseptic (O'Leary, 2000). The physical and chemical properties of phenol 
are presented in Table 4.1 (OEHHA, 2003) . 
. Table 4.1: Basic Chemical and physical Data of phenol 
Empirical formula CsHsO or CsHsOH 
Molecular mass 94.11 
Density 1.07 g/cm' at 20°C 
Boiling point 181.75 °C 
Melting point 40.8 °C 
Flash point 82 °C 
Ignition temperature 595 °C 
Odour threshold 0.18 mg/m" 
Solubility In water, 82 gl l 
Readily soluble in alcohol , ether, chloroform, 
and fats 
Source: Based on OEHHA, 2003 
4.3 Environmental impacts of phenol 
The main sources of information for this section are the Agency for Toxic 
Substances and Disease Registry's Toxicological Profile for Phenol 
(ATSDR's, 1999) and EPA's Integrated Risk information System (EPA's, 
1995). This section contains information on the environment impacts of 
phenol on water, soil, air and the food chain. 
Impact on water: 
Phenol is heavier than water and sinks to the bottom. It dissolves slowly and 
continues to form toxic solutions even when diluted. Because of its 
considerable toxicity in water; phenol is listed as a class 2 water hazard class 
in Germany. The presence of phenol in ground water causes pollution of 
drinking water, which may not be used because of its evil taste. 
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Impact on air: 
Phenol vapours are heavier than air and form explosive mixtures .. when 
exposed to heat. The oxidation of phenol in air is accelerated by light or 
impurities which may have a catalytic effect. 
Soil: 
There is only limited accumulation because of the microbial aerobic or 
anaerobic degradation of phenol in soil. The accumulation level depends on 
the presence of clay minerals (phenol has great chemical affinity with 
aluminium oxide). Aerobic bacterial degradation involves complete breakdown 
of phenol to carbon dioxide and water. Polymerisation of phenol to humic 
acids may also occur in soil. The degradability of synthetic phenol is less 
obvious, as many phenols are toxic to microorganisms. Toxicity increases 
with the number of chlorine or nitrogen atoms in the phenol. 
4.4 Health effects of phenol 
In animals, breathing air with high concentrations of phenol resulted in 
irritation of the lungs. Repeated exposure led to muscle tremors and loss of 
coordination. Exposure to high concentrations of phenol for several weeks 
caused paralysis and severe injury to the heart, liver, kidneys, and lungs, and 
in some cases , caused death (ATSDR, 1999). 
In people, smokers are at risk since cigarette smoke contains phenols 
(ATSDR, 1999). People who had skin exposure to high levels had liver 
damage, diarrhoea, dark urine, and haemolytic anaemia (ATSDR, 1999). 
It is not known if phenol causes cancer in people. Cancer occurred in mice 
when phenol was applied to the skin several times each week throughout the 
lifetime of the animal. Phenol did not cause cancer in mice or rats when they 
drank water containing it for 2 years (ATSDR, 1999). 
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4.5 Phenolic Compounds 
4.5.1 General 
Section 4.1 described the chemical structure of phenol. The expression 
"Phenolic compounds" embraces a wide range of substances which possess 
an aromatic (a benzene ring) bearing a hydroxyl substituent, including their 
functional derivatives (Thomson, 1964). 
Phenols are weakly acidic, and unless sterically hindered, all phenols take 
part in hydrogen bonding (Thomson, 1964). The system O-H-O is the most 
important and natural example of both inter and intra molecular bonding .It is 
well known that many physical properties are affected by hydrogen bonding, 
including vapour pressure, melting point, boiling point, solubility, crystal 
structure, and ultra violet, infrared, and nuclear magnetic resonance spectra. 
Some of these properties are used to advantage in isolation and purification 
procedures. In general , intramolecularly bonded compounds are more easily 
manipulated than intermolecularly bonded substances, many of which are 
polymeric in the solid state (Thomson, 1964). 
"The phenOlic compounds have quite a diverse range of biological activity, 
depending on their structure , degree of polymerisation, stereoisomeric 
differences, concentration , and interspecific variation in tolerance. They act 
both on the organismal and ecosystem levels. Possible effects on herbivores, 
detritivores, pathogens, and/or the ecosystem include: feeding deterrence, 
feeding stimulation, digestion inhibition, digestion stimulation, toxicity, toxicity 
amelioration and disease resistance" (ANSCI , 2000). 
From this list it can be seen that phenolic compounds can have positive 
effects in some instances, and negative effect in others. 
"Interactions between phenolic compounds and environmental conditions 
determine their action. Polyphenols have a distinctive ability to engage 
in molecular recognition , or formation of intermolecular complexes with each 
other and with other molecules. This state is a function of the potential energy 
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surface created by the interactions of clustered molecules. These non-
covalent interactions, significant in themselves, often preclude further 
chemical reactions and formation of new chemical bonds" (ANSCI , 2000) . 
4.5.2 Phenolic compounds in agro-industrial waste 
Various natural phenolic compounds and their condensation products, such 
as tannins or lignins, are present in several types of agro-industrial wastes. 
Examples of such wastewaters originate in wood-processing industries, as for 
instance, paper mills , masonite (fabrication of fibreboard) , debarking of wood 
or the cork industry, from tanneries using natural tannins (such tanneries still 
exist in great numbers), from grape pressing in the wine industry, olive oil 
milling in the Mediterranean area, coffee production or intensive stock raising 
(Gernjak et aI. , 2003). 
Although the toxicity of phenolic compounds is not as high as, for example , 
pesticides or heavy metals, their high concentrations (up to several grams per 
litre) often inhibit or even eliminate abundant bacteriological populations in 
municipal biological wastewater treatment plants (Gemjak et aI., 2003) 
4.5.3 Phenolic compounds in olives 
4.5.3.1 Introduction 
Olives are rich in simple and complex phenolic compounds which have potent 
antioxidant properties (description of free radical and antioxidants properties 
are combined in a box in the next page) , possibly having a protective effect on 
human health. During olive oil processing, however, a large proportion of 
these phenols are lost in mill wastewater which is discharged into the 
environment. 
4.5.3.2 Phenolic compounds in Olive oil 
Olive oil is a source of at least 30 phenolic compounds (Tuck and Hayball , 
2002). The total phenol content in olive oil has been reported to vary between 
800 mg/kg and 1000 mg/kg and it has also been reported that the 
concentration of total phenol content varies from 100 to 800 mg/kg (Tuck and 
Hayball, 2002). Using an average total phenol content of 500 mg/kg, an 
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estimate of the amount of olive oil phenolics consumed per person per year in 
Greece is 9 g, in Italy 7.5 g and in Spain 5.5 g (Tuck and Hayball, 2002) .. 
The major phenolic compounds in olive oil are hydroxytyrosol, tyrosol, 
cinammic acid, p-coumaric acid, oleuropein, hamovanillic acid , and 
hamovanillic alcohol. The three phenolic compounds of highest concentration 
are oleuropein, hydroxytyrosol and tyrosol (Tuck and Hayball, 2002). These 
three compounds are related structurally. Oleuropein is the major phenolic 
compound in olive fruit, and hydroxytyrosol is the major phenolic component 
in olive oil (Tuck and Hayball , 2002). As the olive fruit matures the 
concentration of oleuropein decreases and that of hydroxytyrosol (which is a 
hydrolysis product of oleuropein) increases (Tuck and Hayball, 2002). 
High consumption of extra-virgin olive oils, which are particularly rich in 
phenolic antioxidants (i.e. hydroxytyrosol, tyrosol, oleuropein, lignans, as well 
as squalene and oleic acid), should afford considerable protection against 
cancer (colon, breast, skin), coronary heart disease and ageing by inhibiting 
oxidative stress (Filik and Ozyilkan, 2003). 
Free radicals are atoms or groups of atoms with an odd (unpaired) number 
of electrons and can be formed when oxygen interacts with certain 
molecules. Once formed these highly reactive radicals can start a chain 
reaction, like dominoes. The free radicals react with important cellular 
components such as DNA, or the cell membrane and can damage them. To 
prevent free radical damage, the body has a defence system of antioxidant 
(RICE,1996). 
Antioxidants are molecules which can safely interact with free radicals and 
terminate the chain reaction before vital molecules are damaged. Although 
there are several enzymes system within the body that pursue free radical, 
the principle vitamins antioxidants that supplied in the diet are vitamin E, C 
and beta-carotene (RICE, 1996). 
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4.5.3.3 Phenolic compounds in olive mill wastewater 
It is known (Lesage-Meessen et el, 2001) that phenolic compounds are .. major 
contributors to the toxicity and the antibacterial activity of OMW, which limit its 
microbial degradability. 
OMW is characterized by a substantial phenolic content, which is considered 
to be harmful to plants, and a source of objectionable odour when in contact 
with chlorinated waters (AI-Malah et aI., 2000). Some polyphenols, like 
methylcatechol and o-quinone, which are naturally present in OMW, have 
toxic effects on some strains of gram-positive and gram-negative bacteria (AI-
Malah et aI. , 2000). However, these phenolic compounds possess strong 
antioxidant properties, which may turn the olive oil wastewater into a 
potentially cheap source of natural antioxidants (Lesage-Meessen et el, 
2001). Extraction of antioxidants from OMW has not been achieved 
successfully on a commercial scale. 
Analyses carried out by several researchers (Knupp et aI. , 1996) showed that 
hydroxytyrosol and tyrosol were the most abundant phenolic compounds in 
OMW. Other compounds such as p-coumaric, caffeic, ferulic , coumaric and 
vanillic acids were also present (Knupp et ai., 1996). 
A review of literature shows that several methods have been tested by various 
researchers at laboratory-scale to remove the phenolic compounds present in 
OMW. Methods attempted include: 
1) Removing phenolic compounds contained in fresh and stored-black 
OMW with several microorganisms such as Aspergillus Niger (Casa et 
aI., 2003), Phanerochaete chrysosporium, Aspergillus terreus or with 
Geotrichum candidum (Ass as et al. 2002). 
2) Physical removal including filtration , ultrafiltration, distillation, 
evaporation and freezing (Hamdi, 1996). 
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3) Physical-chemical removal; physical treatment was achieved by 
addition of iron sulphate and calcium dihydroxide, and chemical 
oxidation was achieved by addition of hydrogen peroxide (Zouari, 
1998). 
4) Chemical treatments to remove the phenolic compounds in OMW were 
conducted by means of UV radiation and hydrogen peroxide, or Fe2+ 
and hydrogen peroxide (Fenton system) (Benitez et al., 2001). 
4.6 Oxidation of phenolic compounds 
4.6.1 Principle and theories of chemical oxidation 
For simple inorganic oxidation-reduction reactions, oxidation is equivalent to a 
loss of electrons, and reduction is equivalent to a gain of electrons. Any 
material which functions as an electron acceptor is an oxidizing agent, and a 
reducing agent is any material which serves as an electron donor. Chemical 
reactions may involve both oxidation (electron acceptance) and reduction 
(electron donation). Neither reaction can occur alone, and an oxidation 
reaction must occur together with a reduction reaction. Each reaction is 
known as a half-cell reaction, and a pair of oxidation and reduction half-cell 
reaction is known as a redox reaction. 
Oxidation is best defined as taking place when chemical species other than 
the "Normal" ionic forms of atoms or radicals are transformed. This includes 
transfer of an electron, a hydrogen atom, a hydroxyl radical , a chlorine atom 
or similar species (Chemical oxidation, 2001). 
The purpose of oxidation is converting undesirable chemical species to 
species which are neither harmful nor objectionable. Example of inorganic 
species that can be oxidized to less harmful species are Mn+2, Fe+2 , S ·2 , CN·1, 
S04·2 . Similarly, examples of unpleasant organic compounds that can be 
rendered safe by oxidation are phenol , amines, humic acids, odour colour 
producing or toxic compounds, bacteria and algae. 
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Common chemical oxidizing agents include the following: 
• Oxygen or air 
• Ozone 
• Hydrogen peroxide 
• Potassium permanganate 
• Chlorine (or hypochlorinate) 
• Chlorine dioxide 
The significance of reaction conditions cannot be overemphasized. Variables 
such as; pH, temperature, reactant and product concentration, and the 
presence of any catalysts, may exert a strong influence on the number of 
electrons exchanged, the degree of oxidation (and reduction) , the formation of 
side products and the rate of oxidation (Chemical oxidation, 2001). 
4.6.2 Phenol Oxidation 
Whether a phenolic compound is ionised or oxidized depends on its structure, 
bond type, physiochemical conditions (pH, redox potential), and concentration 
of oxidative enzymes and other oxidants and reductants. Plants and microbes 
produce enzymes such as tyrosinases, catechol oxidases, lactases, and 
peroxidases which are conducive to oxidation. Other conditions favoring 
phenolic oxidation include alkaline pH and the presence of oxidation catalysts 
oxidants such as tocopherols, furanocoumarins, and metal cations (ANSCI , 
2000). 
The susceptibility of phenols to oxidation is exploited technically in the use of 
phenolic compounds as inhibitors of the autoxidation of oil and fats , and is of 
major importance in the biosynthesis of phenolic natural products (Thomson, 
1964). A considerable proportion of the larger monomeric substances found in 
nature, and also the natural aromatic polymers (such as lignin and melanin) , 
are derived from simple phenolic precursors by oxidative processes 
(Thomson, 1964). From this point of view, oxidation catalysts such as lead 
tetra-acetate , ferric chloride, silver nitrate, ferricyanaide, persulphate, free 
radical and other polyphenol oxidase are of chief importance, giving rise to 
mesomeric phenoxyl radicals which may then dimerize or react with other 
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radicals forming new C-C, C-O or 0-0 bonds, often followed by further re-
arrangement. In special cases the resulting phenoxyl radicals are stable .. in the 
absence of air (Thomson, 1964). 
4.6.3 Oxidation of phenolic compound on fruit and vegetable cut 
surfaces 
Browning of freshly cut fruit surfaces is usually caused by the enzyme 
polyp he no I oxidase (PPO) which, in the presence of oxygen, converts natural 
phenolic compounds present in fruits and vegetables into dark coloured 
pigments. The enzyme PPO has been reported to occur in all plants, and is 
present in high concentrations particularly in mushrooms, bananas, pears, 
avocados and peaches (Garcia and Barret!, 2003). 
The oxidation on fruit and vegetable cut surfaces is very complex, which can 
be divided into parts, the first reaction is mediated by PPO resulting in the 
formation of o-quinones (associated with slight darkening in colour) , which 
through non-enzymatic reactions leads to the formation of complex brown and 
even black pigments (Garcia and Barret!, 2003). o-Quinones are highly 
reactive and can rapidly undergo oxidation and polymerisation (Beaulieu and 
Gorny, 2003). 
To reduce the browning on the cut fruit and vegetable surfaces, researchers 
have suggested the following strategies (Beaulieu and Gorny, 2003): 
• Reduced Oi Because PPO requires O2 to induce cut surface 
discolouration, reducing the amount of O2 in a package of fresh-cut fruit 
or vegetable products by storage in a partial vacuum or gas flushing 
may reduce cut surface discoloration, but not completely stop it. 
• Acidification: PPO most effectively catalyzes cut surface discolouration 
at a neutral pH (i.e. a pH of approximately 7). Therefore, browning can 
be slowed down by dipping products in mildly acidic food grade 
solutions of acetic, ascorbic, citric or phosphoric acid (Cooks often 
know that a cut apple can be dipped in lemon juice to inhibit 
discolouration) . 
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• Reducing Agents: To prevent fruit and vegetable cut surface 
.. 
discolouration, reducing agents such as ascorbic acid and erythorbate 
can be used. These reducing agents reduce discolouration at the cut 
surface by converting quinones (formed by PPO from phenolics) back 
to phenolic compounds. 
4.7 Conclusions 
Phenol, C6HsOH, is an organic compound that contains a hydroxyl group. The 
hydrogen atom of the hydroxyl group is easily ionised and released as a 
hydrogen ion. Phenolic compounds have quite a diverse range of biological 
activity, depending on their structure, degree of polymerisation and 
concentration. The interaction between the phenolic compounds and the 
environmental conditions determine their action. Various natural phenolic 
compounds are present in several types of agro-industrial waste , such as 
wastewater from paper mills , masonite , coffee production, olive mill milling 
and grape pressing. 
Olives are rich in simple and complex phenolic compounds with potent 
antioxidant properties which may have a protective action on human health. 
During olive oil processing a large fraction of these phenols is lost in the mill 
wastewater and poured into the environment. Hydroxytyrosol and tyrosol were 
the most abundant phenolic compounds in OMW, although p-coumaric, 
caffeic, ferulic and vanillic acids were also present. 
Phenolic compounds, as electron donors, are readily oxidized to form 
phenolate ion or quinone, an electron acceptor. Continued oxidation will 
produce polymeric material and many complex dark-coloured materials. 
Browning of fresh cut fruit surfaces is usually caused by this phenomenon. 
The change of OMW colour from a red colour to an intensive black colour 
during storage may also be caused by the same phenomenon. 
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Phenolic compounds found in OMW are major contributors to the toxicity and 
the antibacterial properties of OMW which limit its microbial degradability. 
Therefore, it may be concluded that direct disposal of untreated OMW into the 
environment creates health and environmental problems. A proper 
management system for OMW is required to protect the environment, mainly 
in the Mediterranean counties where 98% of olives are cUltivated. 
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5 A study of Storage Conditions for Olive mill 
Wastewater 
5.1 Introduction 
Based on the literature review in chapters 3 and 4, the purposes of the 
experimental work described in this chapter were to determine the factors 
which affect the oxidation and polymerization of the phenolic compounds 
found in OMW, and to understand the behaviour of OMW in relation to 
storage conditions. The intention is to identify a suitable management system 
for OMW storage, treatment and disposal. 
The experimental works were undertaken in Tunisia at Tunis International 
Centre (CITET) during 2001 - 2. CITET provided the author with the 
necessary equipment and facilities required to carry out the experimental 
works. Several experiments (I , 11 and Ill) were carried out to determine the 
factors that affect the oxidation of phenolic compounds during the storage are 
presented in this chapter. Combinations of parameters thought likely to affect 
oxidation (such as exposure to air and light, and pH) were chosen as 
variables. 
Chapter 6 includes the analysis done to prove the relation between change in 
colour of OMW during storage and the oxidation and polymerisation of the 
simple phenolic compounds to form a complex polyphenol compounds. It also 
described how the phenolic compounds in the OMW samples stored under 
different storage conditions were identified using High Performance Liquid 
Chromatography (HPLC) techniques. 
The entire chemical and physical analyses carried out during the experimental 
work were undertaken at CITET expect HPLC analysis. HPLC analyses were 
carried out by external laboratory at Centre de Biotechnologie de Sfax (CBS) / 
Tunisia. The staff at this laboratory have a wide knoweldge and gained a lots 
of experince over a previous years in testing the phenolic compounds found in 
OMW using HPLC. 
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5.2 Experimental Work 
5.2.1 Experiment I 
5.2.1.1 Experiment layout 
It was initially assumed that exposure to the atmospheric conditions (air and 
light) might affect the oxidation of the phenolic compounds in OMW . This 
assumption was based on personal observation and informal discussions with 
other researcher staff in Tunisia. Factors that influence oxidation of OMW 
have not previously been studied or documented, but fresh OMW was 
observed to change colour (becoming darker) when stored in the open air. In 
addition, the change in colour was thought to be associated with oxidation and 
polymerisation of simple phenolic compounds, and that exposure to 
atmospheric oxygen would accelerate oxidation. As has been already been 
noticed in chapter 4, cut surfaces of certain fruits and vegetables discolour 
when exposed to air, and discolouration of OMW may resu lting from similar 
chemical reactions. 
Fresh OMW was stored in hollow cylindrical four columns (1 m high, 0.30 m in 
diameter, see Diagram 5.1) in different storage conditions of exposure to light 
and air as shown in Table 5.1. Each column was filled completely, with OMW 
reaching the rim. The first two columns (columns 1 and 2) were made from 
Plexig las so that light could penetrate the columns. Column 2 was covered at 
the top to prevent air coming into contact with OMW, while column 1 was left 
uncovered. Columns 3 and 4 were made from concrete to prevent light 
reaching the OMW. While column 3 was exposed to air, column 4 was 
covered completely. Three sampling points were provided on each column at 
depths of 25, 50 and 75 cm measured down from the top. COD, TSS, pH, 
colour and Gel filtration tests were carried out for the OMW samples taken 
from the four columns for a period of four months. The results of these 
analysis are summarized on tables on Annex A and are shown in Graphs 5.1 -
5.14. 
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The four tested columns I Experiment 1 
Q,3m 
Column 1 Column 2 Column 3 Column 4 
Diagram 5.1 
Gel filtration is similar in principle to chromatography, and separates materials 
according to their molecular weights . The colour was considered as an 
indicator of OMW oxidation and Gel filtration gives an idea of the phenolic 
compound distribution by molecular weight. However, these parameters (pH, 
TSS, COD, colour and gel filtration) were chosen to monitor the changes to 
OMW characteristics during the different storage conditions. 
Table 5.1: Storage conditions for the four columnsl Exp. I 
COIJ;!mn No ,,; 
. , ' 
1:,Ex:pos.ed to air Exposed .to light I ,~ateria.ls 
Column '1 
. : . 
Yes Yes Plexiglas 
: ,!~olumn 2 . No Yes Plexiglas 
, . 
Column 3 
, ;;:: Yes No Concrete 
Col,umn 4 , No No Concrete 
Phenolic compounds were selected for particular attention because the 
literature review shows that phenolic compounds in OMW, low pH and high 
concentration of organic matter cause the most serious problems when OMW 
is discharged untreated to the environment. 
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The two columns that were covered (columns 2 and 4) could not be sealed 
completely from the atmosphere, but were covered with thick plastic sheeting 
tied in place. As samples were collected from the sampling point some air 
entered the cylinders, but the covering minimised the exposure of OMW in 
these columns to air. 
The possibility of chemical reaction between the material of the cylinders and 
the OMW was considered. No evidence of chemical reaction between the 
containers and the OMW was observed. Plexiglas, while transparent to 
visible light, absorbs some wavelengths of light. For this initial experiment the 
wavelengths of natural light and transmitted light were assumed to be 
relatively unimportant. 
Chemical Oxygen Demand (COD) 
The chemical oxygen demand (COD) was determined by oxidation with 
potassium dichromate according to French Standards which are used in 
Tunisia (see Annex H). COD was measured for OMW samples taken from 
the three sampling points (25, 50 and 75 cm) every week for the first two 
months of monitoring the columns, and then once every month from only 
sampling point at level 50 cm (50 cm below the top) , as the level of OMW in 
the columns dropped due to the quantities of OMW withdrawn for samplings. 
After about two months it was not possible to take sample, from the top 
sampling point (25 cm below the top) . Also after about two months it was not 
possible to take sample from the bottom sampling point (75 cm below the top) 
because the sellable matter was accumulated at the bottom. 
Figure 5.1 shows COD concentrations of OMW samples taken at sampling 
point at level 25 cm (measured down from the top) during the storage time of 
two months. From this figure it was found that COD concentrations reduced 
by approximately 50% in all the storage columns after 3 weeks. A graph of 
COD reductions in concentrations (as percentages) against storage time is 
presented in 
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Figure 5.2. After one week of storage, 
COD reduced by approximately 40% in 
storage column 1 and column 3, and it 
reduced by approximately 30% and 50% 
in storage column 2 and column 4 
respectively. After 3 weeks of storage, the 
COD in all columns became constant and 
the reductions of COD concentrations in 
all columns were approximately 50%. 
This trend in COD reductions was the 
same in all columns except in column 1 
for the last sample (after 60 days 
storage), when the COD concentration 
increased . 
This increase in COD concentration may 
be due to accumulation of oils at the top 
of the liquid column which moved closer 
to the sampling point as the level of OMW 
in the columns dropped due the quantities 
taken for sampling. This oil may have had 
a higher COD than the bulk of the OMW. 
Figure 5.3 shows the variation of COD 
concentrations in the storage colu mns at 
a distance of 50 cm below the top of the 
column during four months, and the 
Figure 5.1: COD concentrations of OMW 
samples taken at level 25 cm during two 
months storage 
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Figure 5.2 : Reductions in COD 
concentrations in the storage columns at 
level 25 cm during the storage time of 
two months 
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Figure 5.3: COD concentrations of OMW 
samples taken at level 50 cm during four 
months storage 
estimated reductions of COD 160000 
concentrations as percentages is 
presented in Figure 5.4. In the first two 
weeks of storage rapid reductions of COD 
concentrations was observed in all four 
storage columns (approximately 50%), 
then the trend of reductions shows a 
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steady slight increase. At the end of the 
storage time of four months, the 
reductions of COD concentrations in the 
storage columns reached up to 58% in 
columns 2, 3 and 4 and 55% in column 
1. 
Finally, at a distance of 75 cm below the 
top of the column, COD concentrations 
show a wide variation and the values 
fluctuated, sometimes increasing and 
sometimes decreasing (see Figure 5.5) . 
This observation may be associated 
with settlement of suspended solids. 
From Figure 5.6, which shows the 
reductions of COD concentrations as 
percentages, it was observed that in 
column 1 the COD reduction in 
concentrations was approximately 10% 
after one week, but that after two weeks 
the percentage of the reductions of COD 
concentrations had a negative value 
which means that the concentration of 
COD is more than the original value. 
After that the COD concentration starts 
to decrease and after storage for two 
months the reductions of COD 
concentration was approximately 33%. 
However, Column 2 shows nearly the 
same results, but after two weeks of 
storage the reduction of COD 
concentrations started to increase, and 
at the end of the storage time the 
reduction of COD concentrations 
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Figure 5.4: Reductions in COD 
concentrations in the storage columns at 
level 50 cm during the storage time of 
four months 
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Figure 5.5: COD concentrations of OMW 
samples taken at level 75 cm during two 
months storage 
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Figure 5.6: Reductions of COD 
concentrations in the storage columns at 
level 75 cm during the storage time of 
four months 
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reached 25%. Column 3 also shows negative reduction of COD 
concentrations, and after six weeks of storage it was noticed that the COD 
concentration started to decrease. Column 4 had a negative reduction of COD 
concentrations during the storage time which means that COD concentration 
was more than the COD value at the beginning. 
Total Suspended Solids (TSS) 
Total suspended solids (TSS) were obtained by centrifugation at 4000 g for 20 
minutes. The settled solids were then dried for 2 hours at 105°C according to 
the French Standards Method (see Annex H). TSS was measured for OMW 
samples taken at the three level sampling points according to the same 
sampling regime followed for the COD test. The TSS concentrations in the 
OMW samples taken at level 25cm from the four storage columns during the 
period of two months is shown in 
Figure 5.7. It was noticed that TSS 
concentrations reduced by 
approximately 70% during the first 
week of storage in the storage 
columns 1, 2, 3 and 4. However, after 
two weeks TSS concentrations at this 
level was almost zero . 
Figure 5.7 : TSS concentrations in the 
storage columns at level 25 cm during 
the storage time (two months) 
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TSS concentrations at level 50 cm are 
presented in Figure 5.8. After one 
week of storage, TSS concentrations 
were removed by 50, 75, 78 and 
65% in columns 1, 2, 3 and 4 
respectively. After that TSS was 
almost completely removed at this 
level. 
Figure 5.8:TSS concentrations in the storage 
columns at level 50 cm during the storage 
time (four months) 
However, TSS concentrations in the 
storage columns at level 75 cm 
shows something quite different from 
what was observed at levels 25 and 
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50 cm. Figure 5.9 shows the 
variation of TSS concentrations in 
the storage columns at a distance of 
75 cm below the top of the column, 
from this figure it was noticed that 
Figure 5.9:TSS concentrations in the 
storage columns at level 75 cm during the 
storage time (two months) 
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and 2, but show fluctuations (up and down) and in columns 3 and 4. 
Colour 
The dark colour of olive mill wastewater (OMW) was difficult to determine 
quantitatively. Fresh OMW may turn darker reaching on almost black colour 
after storage in certain conditions . For consistency, the optical density (OD) at 
wavelength of 390 nm was measured (see Annex H). This choice of that 
wavelength was based on the maximal absorbance of aromatic compounds 
(Zouari , 1998). 
The colour absorbance for OMW samples taken during the storage time was 
measured and the estimated colour removal at different depths is presented in 
Figures 4.10, 4.11 and 4.12 for samples taken at levels 25, 50 and 75 cm 
respectively. 
From Figure 5.10, it was found that for 
columns 1 and 2 the colour removal of 
Figure 5.10 : Colour removal (%) in 
the storage columns at level 25 cm 
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colour removal began to increase until 
it reached the same percentage 
removal for the other columns. 
Figure 5.11: Colour removal (%) in 
the storage columns at level SOcm 
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Colour removal for OMW samples 
taken at level 50 cm shows the same 
trend as at level 25 cm, and after four 
months the colour removal was ranged 
between 42 and 57% as shown in 
Figure 5.11. 
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-30 From Figure 4.12 it was found that the 
colour removal at level 75 cm shows 
something different from what was 
observed at levels 25 and 50 cm. For 
Column 1 the colour removal is initially 
negative, which means that the colour 
absorbance increased. After one 
month the colour removal becomes 
positive, and after two months the 
colour removal reached around 20%. 
In column 2, the colour removal has a 
Figure 5.12: Colour removal (%) in the 
storage columns at level 75 cm 
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decreased. After two months the colour removal was 10%. The colour 
removal in columns 3 and 4 was negative during the first 40 days 
(approximately), and after that the colour removal increased up to 20% in both 
columns. 
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Low pH is one of the characteristics of OMW that causes a problem in 
disposing OMW into the environment. It was noticed that during storage OMW 
in the columns for four months the pH in the columns changed very slightly 
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over time. The pH changed from initial 
value of 5.0 to 4.68, 4.55, 4.55 and 4.89 
in columns 1, 2, 3 and 4 respectively 
(see Figure 5.13). 
It was noticed that pH had the same 
value at all depths within individual 
columns, irrespective of the level (level 
25, 50 or 75 cm) from which the sample 
was taken . 
Gel filtration test 
Principle of Gel filtration 
Figure 5.13 :pH variations of OMW 
during the storage time (4 months) 
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Gel filtration on Sephadex G-50 was used to analyse the polyphenolic 
compounds present in the OMW (Hamdi, 92). A small sample, consisting of 
3ml of OMW was filtered and then placed on a Sephadex coarse G-50 column 
(3x50 cm) previously flushed with distilled water. This column was washed 
with 400 ml of distilled water at a flow rate of 0.33 ml/min. The effluent was 
collected in a number of 3 ml tubes. These fractions were measured spectro-
photometrically at a wavelength of 280 nm. 
The principle of this test depends on 
separating the phenolic compounds found 
in OMW based on their molecular 
weights. The phenolic compounds of OD 
heavy molecular weights pass through the 
column first by gravity and the simple 
phenolic compounds with low molecular 
weights pass through later. As a result the 
first samples collected in the 3 ml tubes 
(fractions in 3 ml tubes from 8 - 30) 
280nm 
l'IMWpcak LMWpcak 
Fract ion 8·30 Fraction 30·80 
contained phenolic compounds of high Figure 5.14 A: Gel filtration diagram 
molecular weights while the others fractions (in 3 ml tubes from 30 - 80) 
contained phenolic compounds of low molecular weights . 
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Plotting the fractions against the optical density at wavelength of 280 nm 
shows the distribution of the phenolic compounds in OMW. Two peaks were 
found , the first one represents the high molecular weight group and the 
second represents the low molecular weight ones. This is illustrated in Figure 
5.14A. For fresh OMW the high molecular weight peak (HMW) is very low 
compared to the low molecular weight (LMW) peak as the phenolic 
compounds in fresh OMW are in a simple form . For old OMW the high 
molecular weight peak is higher than the low molecular weight peak because 
the simple phenolic compounds have oxidized and polymerised, resulting in 
complex polyphenolic compounds of high molecular weights . 
Gel filtration for OMW samples 
Gel filtration tests were carried out for OMW stored in columns 1, 2, 3 and 4. 
Samples were taken from the sampling point at level 50 cm. The samples 
were taken after 2 months of storage in the columns. A sample of fresh OMW 
was taken also as a reference. The results obtained from the Gel filtration 
tests are shown in Figure 5.14B. The fractions are plotted against Optical 
Density (OD) at a wavelength of 280 nm. It was found from this figure that the 
phenolic compound distribution was almost the same in the storage columns 
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Figure 5.14B: Gel filtration for OMW samples taken from the storage 
columns after 2 months comparing to a reference sample (fresh OMW 
sample) 
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1, 2, 3 and 4. The fractions 8 - 30 (which represent the phenolic compounds 
of high molecular weights) are found in relatively small quantities, while the 
fractions 30 - 77 (which represent the phenolic compounds of low molecular 
weights) are found in high quantities. Comparing the Gel filtration done for the 
samples taken from the storage columns (1 , 2, 3 and 4) to the reference 
sample (Fresh OMW sample), it was found that the distribution of the phenolic 
compounds in the stored OMW is almost the same as that found for the fresh 
OMW sample. 
5.2.1 .2 Findings 
Monitoring the OMW in the storage columns (1 , 2, 3 and 4) under different 
storage conditions (open/closed, dark/light) was carried out for four months. 
Samples were taken from each column at different levels (25 , 50 and 75 cm 
below the top of the columns) and tested for COD, TSS, colour, pH and Gel 
filtration. However, after two months it was no longer possible to take samples 
from levels 25 and 75 cm (the top and bottom sampling points). After two 
months the liquid level had been fallen below the top sampling point, and 
accumulated settled solids prevented sampling from the bottom sampling 
point. Samples were taken after that only at level 50 cm from each column. 
The results obtained were presented as graphs in the previous section , the 
main findings are: 
1- A reduction in the COD concentrations of OMW during storage in the 
columns at sampling points 25 and 50 cm was rapid during the first two 
weeks of storage. On average the reduction in COD concentrations 
was 50%. After that COD concentrations increased slightly and after 
four months of storage COD concentrations had on average reduced to 
55% to its original value. However, at sampling points 75 cm, COD 
concentration reductions fluctuated and at the end the COD 
concentration was, on average 20% of its original value in columns 1, 2 
and 3. The COD concentration increased and was higher than the 
original value. 
2- TSS concentrations in OMW fell almost zero after two weeks of storage 
at levels 25 and 50 cm (sampling points). At leve l 75 cm TSS 
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concentrations fluctuated and after two months TSS concentrations in 
columns 1, 2 and 3 were on average 80% of their initial values, but 
50% of the initial value in column 4. 
3- The colour of OMW as measured by absorption of light at wavelength 
of 390 nm decreased during the storage period at levels 25 and 50 cm, 
and after two months it was found that the reduction in colour reduced 
was 30% at both levels . After four months it was found that the colour 
reduced by 50% on average at level 50 cm. At level 75 cm the colour 
removal fluctuated, however after two months of storage colour 
reduced by 15% on average at this level. 
4- OMW pH reduced slightly during the storage time of four months, pH 
dropped from 5 (initial pH) to 4.6 on average inside the storage 
columns. It was noticed that inside the column pH was uniform 
irrespective of the level from which the sample was taken. 
5- In general the phenolic compound distribution by Gel filtration for OMW 
stored for two months, as measured using Gel filtration , showed almost 
the same distribution as for the fresh samples. The phenolic 
compounds with low molecular weights (simple phenolic compounds) 
were detected in high quantities and phenolic compounds with high 
molecular weights were found in small quantities. However, it was 
noticed that the peak for the high molecular weights for the OMW 
stored in the columns were slightly lower than those for the fresh 
sample. In addition, the location of the low molecular peak for stored 
OMW was shifted to the right in comparison to fresh sample especially 
for column 3. This suggests that some changes in the nature of 
phenolic compounds occurred in column 3, and that the proportions of 
different low molecular weight compounds changed during storage in 
this column. 
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5.2.1.3 Conclusions IExperiment I 
It was concluded that the almost total reduction in T88 concentrations and the 
maximum COD reduction in concentration (50 - 55%) of OMW as measured 
by samples taken was achieved after two weeks of storing OMW in the 
columns. This is believed to be associated with sedimentation, and that many 
solids settled to a level below the bottom sampling point. The decrease in 
COD concentrations during the first two months of storage is believed to be 
associated with physical changes. After two months the measured T8S 
concentrations fell to almost zero, and the COD concentrations reduced, 
before remaining almost constant. COD is therefore likely to consist of two 
almost equal components, one associated with T88, and one that is 
associated with the liquid fraction. 
It was concluded from the results obtained from the Gel filtration that OMW 
stored in the columns under different storage conditions (open/closed, light 
/dark) was not oxidized as: 
• The phenolic compound fractions in OMW were not changed 
significantly during the storage time. After two months the fractions of 
phenolic compounds of low molecular weights were still found in high 
quantities and the phenolic compounds of high molecular weights 
(polyphenols) was found in small quantities. 
• The distribution of the phenolic compounds of stored OMW is very 
similar to that found in fresh OMW samples. 
• On the other hand, during the storage time the colour absorbance of 
OMW decreased and after four months of storage the reduction in 
colour was 50%. If OMW becomes oxidized during storage the 
quantities of high molecular weight polyphenol compounds would 
increase which suggests that the colour of OMW will become darkener, 
as these compounds are believed to be responsible for the black colour 
OfOMW. 
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• It was concluded that neither the light nor the contact with air 
significantly affected the status of OMW during storage. All the storage 
columns showed approximately the same behaviour during the storage 
time. 
• It was concluded that might be the surface area of the storage columns 
(30 cm in diameter) was possibly not enough to allow oxidation. It was 
decided to increase the surface area of OMW exposed to the air by 
increasing the surface area of the OMW storage container. 
5.2.2 Experiment 11 
5.2.2.1 Experiment layout 
To verify whether or not air has an effect on the oxidation of OMW during 
storage, it is decided to increase the surface area of OMW exposed to the 
atmosphere. OMW was stored in two containers with dimensions of 1.0 m 
length X 0.3m width X 0.3m height, and in one column having the same 
dimensions as for previous experiment, (0.3 m diameter, 1 m depth). This was 
to investigate the effect of the surface area exposed to air, by comparing 
OMW stored in the column with that stored in the containers having greater 
surface area (see Diagram 5.2), The storage conditions for OMW during 
experiment II are summarized in table 5.2. 
Table 5 2' StoraQe conditions for the tested storaQe containersl Exp 11 ..
'Container No lEx posed Dimension Materials 
'to air , 
, 
" 
cc 
IContainer 1 Yes 0.3 m diameter, 1 m depth Plexiglas 
"(~!~ ", 
IContainer 2 Yes 1 m length, 0.3m width, 0.3m Opaque 
(C2) depth Plastic 
, 
, , 
.,Container 3 No 1 m length, 0.3m width, 0.3m Opaque 
(C3) 
~ 
depth Plastic 
_. 
7S 
• 0 
The storage containers of OMWI Exp 11 
O.3m 
I • 6 
"C 
~ 1.0 m 
8. 
0 
~ 
.2' 
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Container 2 Container 3 
Container 1 
(C1) 
(C2) (C3) 
Diagram 5.2 
The three storage containers were filled with OMW brought from the storage 
reservoir inside an olive mill. During a planned visit to the mill to collect 
samples of OMW for use in the experiment the mill was not being operated 
and it was therefore not possible to take OMW directly from mill effluents. The 
characteristics of OMW used in this experiment were measured and the 
results shown in Table 5.3. From this table it was found that the total COD 
and TSS concentrations were lower than the values measured at the start of 
the previous experiment. The OMW used in the previous experiment was 
collected directly from the mill effluents not from the storage reservoir. 
However it is likely that concentrations of COD and TSS are reducing during 
storage of OMW in the mill storage reservoir. 
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Table 5.3: Characteristics of OMW used in Experiment 11 
Parameter Unit Value 
Temperature (at the time of the °c 19.4 
test) 
Electrical Conductivity (EC) ms/cm 9.58 
pH - 4.96 
Dissolved Oxygen (DO) mg/l 0.11 
Soluble Chemical oxygen mg02/1 79600 
demand (CODs) 
Total Chemical oxygen demand mg02/1 102300 
(COOl) 
Total suspended solids (TSS) mg/l 8960 
Colour absorbed at 390nm abs 47 
Samples were taken at 10 cm depth below the top of the storage containers 
every day over a period of 24 days. For samples taken from the storage 
containers during the experiment the following parameters were measured: 
pH. COD, TSS, Colour (absorption at a wavelength of 390 nm), the results of 
these analyses are summarized in tables in Annex B and are shown as 
graphs 5.15 - 5.18 
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Figure 5.15 shows the variation of pH 
during 24 storage days, it was found 
that the pH dropped in all storage 
containers (1, 2, and 3) during the 
storage time (24 days). In C3 (closed) 
the pH was dropped from 4.96 at the 
beginning of the experiment to 4.3 at the 
end (after 24 storage days), while in C2 
and C1 (both open) the pH dropped 
from 4.96 to 4.7. 
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Figure 5.15: pH variations in OMW 
during the storage time 
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TSS 
Figure 5.16 shows that, TSS 
concentrations reduced on 
average by approximately 50% in 
all three storage containers (C1, 
C2 and C3) during the first two 
days of storage. After that the 
TSS concentrations changed 
slightly in the storage containers. 
COD 
From Figure 5.178, it was found 
that Total COD concentrations 
reduced approximately of 30% in 
the storage containers during the 
first two days. I n contrast no clear 
change in soluble COD 
concentrations were observed 
(see Figure 5.17 A). 
Colour 
Figure 4.18 shows that colour 
absorbed by OMW stored in the 
containers (C1, C2 and C3) at a 
wavelength of 390 nm. It was 
found that for two containers (C 1 
and C3) the colour absorbance 
decreased du ring the storage 
period and after 24 days the 
colour had reduced by 
approximately 50%. However, 
colour absorption in container C2 
remained almost constant, 
Figure 5.16 :TSS concentrations in OMW 
stored in containers (c1,c2,c3) during 24 days 
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Figure 5.17A: Soluble COD concentrations in 
OMW stored in containers (C1 ,C2 and C3) during 
24 days 
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Figure 5.17B: Total COD concentrations in 
OMW stored in containers (C1, C2 an! C3) 
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5.2.2.2 Findings 
Figure 5.18 : Colour absorbance at 390 nm for OMW 
stored in containers (C1,C2 and C3) during 24 days 
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From the results obtained from the previous analysis, which had been carried 
out for OMW samples taken from the storage containers (C1 , C2 and C3), it 
was found that: 
• TSS concentrations in the three storage containers reduced by an 
average of 50% after two days and after that TSS concentrations 
changed slightly in the storage containers. The relative low settling of 
OMW is because the three storage containers were filled with OMW 
brought from the storage reservoir inside an olive mill, where most of 
the suspended solid was settled there . And the remaining suspended 
solid settled in the three-storage containers in the first two days. 
• Total COD concentrations were removed by an average percentage of 
30% in the storage containers during the first days of running the 
experiment while soluble COD concentrations remain almost constant. 
COD is likely to consist of two components, one associated with TSS, 
and one that is associated with the liquid fraction . Therefore, the 
decrease in COD concentrations in the storage containers is believed 
to be associated with settlement of TSS as the soluble COD 
concentrations is remaining constant during the storage. 
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• pH dropped slightly in the storage containers. In columns C1 and C2 
(open columns) the pH dropped from 4.9 to 4.7 while containers C3 
(closed) the pH dropped from 4.9 to 4.3. The relatively high reduction 
on pH on the closed container could be due to an anaerobic 
fermentation . 
• Colour absorption for of OMW stored in containers C1 and C3 reduced 
by 50% after one month, while the colour absorption of OMW stored in 
container C2 (open) reduced slightly and at the end the colour 
absorption began to increase again. The source of colour of OMW is 
the phenolic compounds. This suggests that some changes in the 
nature of phenolic compounds occurred in containers during storage 
which can impart a variety of colour reduction in the storage containers 
C1 and C3 in comparison to storage container C2. 
5.2.2.3 Conclusions 
• It can be concluded from the above results that although the 
dimensions of OMW storage containers were changed and the surface 
area exposed to air was increased (the case in container C2) , OMW 
remained fresh and only a small change in colour was observed in 
container C2 (open to air) after 24 days of storing the OMW without 
disturbance. 
• It could be concluded that whatever the surface area of OMW in 
relation to the volume, the colour does not change if OMW remains 
stagnant in the container. This may be due to that when OMW is 
stagnant; a thin oily layer at the top prevents or inhibits oxygen transfer 
into the liquid, and this prevents oxidation of OMW. 
• Based on the final conclusion it was decided to carry out a bench-scale 
experiment in which OMW would be agitated to allow contact between 
the air and the OMW to avoid the formation of an oily surface layer. 
The effect of agitation in combination with another parameter (pH) was 
measured. 
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5.2.3 Experiment III 
5.2.3.1 Introduction 
In this experiment, samples of OMW were stored in lab scale containers each 
having a capacity of one litre. Two variables were chosen as possible factors 
affecting the oxidation: agitating by stirring and pH. Two experiments (11111 and 
111/2) were carried out to study the effects of each of the two variables. Both 
experiments were carried out under similar conditions except for the values of 
pH. In the first experiment the two levels of pH were 4.65 and 6, while pH 
values of 5 and 7 were used in the second experiment. 
5.2.3.2 Experiment 11111 
Experiment layout 
For this experiment (Experiment 111/1, see Figure 5.19), two variables were 
chosen as a first attempt: agitating by stirring and pH, as factors which may 
affect oxidation. Agitating by stirring was selected because it was believed 
that by stirring the oxygen will be distributed throughout the OMW and an oily 
layer will not form on the surface. pH was chosen based on the finding from 
literature that when the colour of OMW changes pH also increases (Hamdi, 
93). Each variable (pH and degree of agitation) could assume one of two 
possible values for this experiment. 
OMW was put in 4 beakers, each of one litre capacity. Table 5.4 shows the 
test conditions for each beaker. The two possible values for pH are 4.65 
(which is the natural pH for OMW when the experiment began) and pH 6 
(which is the maximum pH found for OMW based on literature). For agitating 
a DO concentration of 0.2 mg/I was taken as the minimum limit (no agitation) 
and a DO concentration of 8 mg/I (this is the maximum value obtained during 
agitating by stirring) as the maximum limit. It was expected that a combination 
of pH 6 and agitation (DO concentration of 8 mg/I) would result in the quickest 
oxidation of OMW. Calcium hydroxide was used to adjust the pH of the OMW. 
The calcium hydroxide had no apparent effect on the OMW except to change 
the pH. 
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Figure 5.19: Storage conditions for Experiment 11/ (The stirrers indicate 
which beakers were agitated) 
Four storage beakers ( one litre in volume) 
used to run E x p . 111/1 
Test 1 
pH- 6 .0 
T e st 2 
p H - 4.65 
Test 4 
Test :3 pH- 4 6 5 
pH- 6 .0 . 
Four storage beakers ( one litre in volume) 
LJ ~'"~'''~ 
Test 3 
PH - 7 T e st 1 pH- 5 .0 
Tost 2 
pH- 5 .0 T est " pH- 7 
The characteristics of OMW used in this experiment are shown in Table 5.5. 
The experiment was run for 14 days. Samples were taken and the color 
absorbed at a wavelength of 390 nm was measured at intervals during the 
storage time. pH and dissolved oxygen concentrations were measured every 
day to be sure that they remained stable during the experiment. 
Table 5.4: pH and DO values used in experiment 111/1 
Test "', . : [pH ~ DO (mg1l) 'TA' J 
. conClition " Intensit/{ of agitation 
. ,iNumber' 
" 
1 6 8.0 
2 4.65 8.0 
3 6 0.2 
4 4.65 0.2 
Table 5.5: Original characteristics of OMW used in experiment 111/1 
Parameter Unit , Value ~. 
pH 4.65 
Tem~ QC 16.4 
DO mQ 0 2/1 0.2 
TSS mQlI 800 
Soluble COD mQ 0 2/1 67000 
Colour 390 nm Abs 20 
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The results obtained during 14 days of 
running experiment 11111 are summarized 
in tables in Annex C. These data are 
shown in Figure 5.20 and Figure 5.21. 
Figure 5.20 shows COD concentrations 
during the experiment. From this figure it 
was noticed that during the first few 
days of the experiment COD 
concentrations did not change much in 
all the tests, while at the end (day 14) 
COD concentrations in the first two tests 
(with agitation) were approximately 
double the values at the start. In the 
other two tests (no agitation) COD 
Figure 5.20: Soluble COD concentrations 
in OMW Samples during 14 days (ExpIlI/1) 
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Figure 5.21: Colour absorbed at 390 nm by 
OMW samples during 14 days 
concentrations remained almost 
constant throughout. 
Figure 5.21 shows the colour absorbed 
at a wavelength of 390 nm. From this 
figure it can be seen that at the end of 
the experiment the colour in the agitated 
samples (tests 1 and 2) had increased 
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to between 3 and 5 times the initial values, however, the rate of colour change 
is not constant during the experimental period (14 days) . 
Table 5.6 presents the rate of colour change in the first two tests after 5, 10 
and 14 days. From this table it can be seen that the rate of colour change is 
increasing with time for both samples (pH 4.65 and 6) although the rate of 
change is higher at pH 6 than at pH 4.65. The last bottom row of Table 5.6 
shows the ratio of the rate of colour change at pH 6.0 to the rate of colour 
change at pH 4.65. It is clear that the ratio of the rate of colour change is 
higher in the first five days than after 10 and 14 days. This means that at 
higher values of pH the rate of oxidation increased rapidly, especially in the 
first few days of the experiment. 
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Table 5.6: Rate of colour absorbance change as unit colour per day / 
Exp 111-1 
" 
" 
1-5 days 5-10 days 10-14 da¥s 
;'c" c. , ,'. 
" pH = 6.0 (test 1) ',.r ,. ~;. "'c' 1 3 16.2 
I ,pH = ~.65 '(test 2) 0.2 1.6 8.5 
URatio of rate 6.0/ ra!~ 4.65 5 1.9 1.9 
On the other tests (3 & 4, no agitation) the colour was not changed whatever 
the pH value or / and the time of storage. 
Results and conclusions 
Two variables, pH and agitation, were chosen as factors which may affect 
oxidation of the phenolic compounds in OMW. For each variable (pH and 
agitation) two levels were taken, for pH the two levels were 4.65 as a low 
levels (no effect on oxidation), and pH 6 as a high level (this had an effect on 
oxidation). Agitation was taken as a quantitative variable, and agitation was 
achieved by stirring. Dissolved oxygen (DO) concentrations represent the 
quantitative value of agitation. Two levels were chosen for DO concentration. 
The higher DO concentration was 8 mg/ I, which was obtained by stirring (this 
has an effect on oxidation). Without agitation the DO concentration was 0.2 
mg/I (this had no effect on oxidation). OMW was put into 4 beakers with the 
following combination of variables. 
pH Agitating 
Test 1 6 Yes 
Test 2 4.65 Yes 
Test 3 6 No 
Test 4 4.65 No 
The experiment was run for 14 days and during this period, soluble COD 
concentrations and colour absorbed at a wavelength of 390 nm were 
measured. The main findings are summarized in the following pOints: 
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• The soluble COD concentrations in all tests did not change much 
during the experiment; except for the last records on day 14 for the 
agitated tests (Tests 1 & 2) (see Figure 5.20). By day 14 COD 
concentrations had doubled in Tests 1 and 2 where the OMW was 
agitated, and remained almost constant for the other tests (Test 3 and 
test 4, no agitation). The reason for this increase in COD 
concentrations was probably due to evaporation of water from the 
OMW in the agitated beakers. Agitation prevented the formation of an 
oily layer on the surface of the OMW. The absence of the oily layer 
permits both transfer of oxygen and evaporation of water. 
• The colour absorbed in the four tested beakers shows no change 
during the first few days of the experiment. However after ten days the 
colour absorbed in test 1 (agitation, pH 6) slightly increased, and after 
that during the last four days of the experiment (on day 14) the colour 
absorbance rapidly increased and it become approximately 5 times the 
initial value. Test 2 (agitation, pH 4.65) shows an increased in colour 
on day 14, the final value being approximately three times the initial 
value. The increase in colour was greatest for test 1 (agitation and pH 
= 6) , followed by test 2 (agitation and pH = 4.65). Two other tests 
(Tests 3 and 4 which had no agitation) kept almost the same initial 
colour absorbance. 
• In the agitated samples (tests 1 and 2), It was noticed the rate of colour 
change increased with time in both tests (test 2 with pH 4.65 and test 1 
with pH 6) although such rate of change is higher at pH 6 than at pH 
4.65. The ratio of the rate of colour change at pH = 6.0 to the rate of 
colour change at pH 4.65 is highest during the first five days. It can be 
said that oxidation of the phenolic compounds found in OMW (as 
indicated by change in colour absorbance) is accelerated at higher pH. 
• To verify the effect of pH on OMW oxidation another experiment (Exp. 
111/2) was carried out with another two values of pH. 
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5.2.3.3 Experiment 111/2 
Experiment layout 
From the previous experiment (111/1) it was found that OMW oxidation occurs 
in the presence of oxygen (by agitation), and the rate of oxidation increased 
rapidly at the higher value of pH (pH =6) , especially in the first few days of 
storage. The two values of pH were 4.65 and 6 (see Figure 5.19 page 82). In 
this experiment the two variables pH and DO concentration were chosen as in 
the previous experiment (111/1) , but with two new values for pH, the pH being 
set at 5 or 7. The minimum level (pH = 5) was taken as an average value 
found in raw OMW. For experiments 11111 and 111 /2 the pH values were within 
the range 4.65 to 7.0. OMW is always slightly acid, and pH values for OMW 
are generally found to be within the range 4.65 to 6.0. This range was 
extended to a pH of 7.0 for this experiment because the pH of OMW has to be 
adjusted to this value if OMW is to be treated biologically by anaerobic 
treatment. For agitation as for experiment 11111 a DO concentration of 0.2 mg/I 
was taken as minimum level (no agitation) and a DO concentration of 8.0 mg/I 
(agitation by stirring) as the maximum level. This experiment is therefore as 
for experiment 11 111 but with only the pH values changed. 
The characteristics of OMW used in this experiment are shown in Table 5.7. 
The OMW was put in four beakers. Table 5.8 shows the test conditions for 
each beaker. It was expected that pH 7 and DO concentration 8.0 mgl l have 
great effect on the oxidation rates of the phenolic compounds found on OMW. 
The experiment was run for 4 days. Samples were taken and the colour 
absorbed at a wavelength of 390 nm was measured at intervals during the 
storage time. pH and DO concentrations were measured every day to be sure 
that they remained stable during the experiment. 
For Exp 11 112 the COD concentration was not monitored during the storage 
period, because the purpose of the experiment was to verify the effect of pH 
and agitation on oxidation rates, using colour as an indicator for oxidation. 
The electrical conductivity (EC = 10 ms/cm) and Total COD concentration 
(CODTotal = 71800 mg 02/1) were measured at the start of the experiment, but 
these parameters were not monitored. 
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Table 5.7: Original characteristics of OMW used in Experiment 111/2 
Parameter Unit Value 
llH 4.24 
Tem~ QC 15.2 
DO mg 0 2/1 0.2 
Color 390 nm abs 18 
Table 5.8: pH and DO values used in experiment 111/2 
Test . pH , DO mgll'~ 
condition Intensity of agitation . 
Number 
."- .". 
,"' , ' 
'C. 
··c 
1 5.0 0.2 
2 5.0 8.0 
3 7.0 0.2 
4 7.0 8.0 
Annex C summarizes the results of 
the analysis obtained during 4 days 
of running experiment 111 /2 . The 
colour of OMW absorbed at a 
wavelength of 390 nm is also 
shown in Figure 5.22. From this 
figu re it can be seen that the colour 
absorbance in test 4 (agitation, pH 
= 7) had increased rapidly and at 
the end of the experiment (day 4) 
the colour absorbed was 2.0 times 
the initial value, increasing from 
20to 40. In test 2 (agitation, pH = 5) 
Figure 5.22: Colour absorbed at 390 nm 
by OMW samples during 4 days 
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the colour absorbance at the end of the experiment (day 4) was 1.6 times the 
initial value, increasing from 17 to 28. 
However, the rate of colour change in both tests (Tests 2 and 4) is not 
constant during the experiment (4 days). Table 5.9 shows the rate of colour 
change in tests 2 and 4 measured as unit colour per day, it can be seen from 
this table that pH affects the rate of colour change. The rate of colour change 
at pH 7 is higher than at pH 5. The last bottom row of Table 5.9 shows the 
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ratio of the rate of colour change at pH 7 to the rate of colour change at pH 5. 
It is clear that the ratio of the rate of colour change is higher in the first two 
days than during the last two days. This means that with agitation and at 
higher values of pH the rate of oxidation increased rapidly, especially in the 
first two days of the experiment. 
For test 1 (no agitation, pH = 5) and test 3 (no agitation, pH = 7), colour 
absorbance did not change significantly and it remained almost constant 
during the experiment. 
Table 5.9: Rate of colour absorbance change measured as unit colour 
Der dav I EXD 111-2 
1-2days 2-4 days 
pH = 7 (test 4) ,. 6 7 
pH = 5 (test 2) 1 5 
Ratio of rat~ 7 I rate 5 6 1.4 
Findings and conclusions Exp 111/2 
In Experiment 111/2, OMW was put into 4 beakers with the following 
combinations of variables 
pH Agitating 
Test 1 5 No 
Test 2 5 Yes 
Test 3 7 No 
Test 4 7 Yes 
The experiment 111/2 was run for 4 days and during this period colour 
absorbed at a wavelength of 390 nm was measured. The main findings are 
summarized in the following points: 
• The colour in test 1 (pH = 5, no agitation) and in test 3 (pH = 7, no 
agitation) was almost unchanged compared to the starting value. In 
test 2 (pH = 5, agitation) the colour increased by a factor of 1.6. 
However the maximum colour change was found in test 4 (pH = 7, 
agitation), where the colour absorbance increased by a factor of 2.0. 
88 
,----------- ----- - - -
From experiment III (1 and 2), it was concluded that: 
• Agitation is the main factor affecting oxidation of OMW, without 
agitation the colour in the tested samples was not changed significantly 
whatever the value of pH and storage time. However, in the agitated 
samples the effect of pH was noticed, as at high pH (6 and 7) the 
colour absorbance was higher than at lower pH (4.65 and 5). Also the 
rate of colour change is not constant during the experiments. The rate 
of colour change is higher at high pH than at low pH. This means that 
high pH (acidic but close to neutral) accelerates the change of colour 
absorbance. 
• Literature suggests that the oxidation of phenolic compounds with 
oxygen occurs in the presence of catalysts such as enzymes. In 
general terms, oxidoreductases, such as the enzymes lactases, 
peroxidases and tyrosinases promote the oxidation of simple phenolic 
compounds (such as hydroxytyrosol) to complex phenolic compounds 
(such as o-quinones). These compounds (o-quinones) are very active, 
highly reactive free radicals, highly unstable and can react non-
enzymaticaly to yield dark pigments and promote polymerisation of 
phenolic substrates (Gredio et aI. , 1999). However, to prevent further 
evolution, ascorbic acid can be added to the reaction , and the complex 
phenolic compounds (o-quinones) will be reduced back to simple 
phenolic compounds (Espin et al., 2001). The result from Experiment III 
(1 and 2) agree with these observations 
• Based on the above facts, it may be concluded that contact with 
oxygen is the main factor affecting oxidation of phenolic compounds 
found in OMW. The enzyme tyrosinase, found in OMW, accelerates 
the oxidation process in the presence of oxygen (Greco et aI. , 1999). 
However, continued oxidation will produce polymeric materials 
(polyphenols) which are very complex and have a dark colour. Most 
phenolic compounds are polymeric in the solid state (Thomson, 1964), 
and this explains why the colour of OMW in the experiment (111/1) 
become very dark when evaporation occurred, and the concentration of 
phenolic compounds increased at the end of the experiment (day 14). 
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5.3 Overall Conclusions 
The previous experiments were carried out to verify the elements, which .'affect 
the oxidation of the phenolic compounds into complex polyphenollic 
compounds. Three experiments were carried out under different conditions, 
the findings and the results obtained are summarised in the previous sections 
(5.2.1 , 5.2.2 and 5.2.3). However the overall conclusions drawn from these 
experiment are presented below. 
• It may be concluded that under static conditions (no disturbance) OMW 
does not oxidise significantly probably because of the formation of an 
oily layer that inhibits transfer of oxygen and evaporation. 
• When OMW is agitated in contact with air oxidation rates increase, and 
the OMW turns a dark colour, at rates that depend on the pH. Agitation 
prevents the formation of the oily surface layer and encourages mixing 
and transfer of oxygen into the bulk of the liquid. Agitation allows 
material from the body of the OMW to come into contact with air at the 
surface, and become oxidised. 
• The rate of colour change of OMW is higher at high pH (more than 6) 
especially in the few days of storage. 
• The complex characteristics of OMW and the oxidation be ha vi or of 
OMW have to be considered when selecting a suitable treatment 
method for OMW. For example, anaerobic or aerobic biological 
treatment is not efficient if OMW is already oxidized, due to the 
formation of complex compounds which are very difficult to degrade. 
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6 Identifying the phenolic compounds in OMW by High 
Performance Liquid Chromatography (HPLC) 
6.1 Introduction 
In the previous experiments (chapter 5) the change in colour absorption of 
OMW during storage was considered to be an indicator of oxidation and 
subsequent polymerisation of the phenolic compounds contained on OMW . 
To clarify the relationship between the colour change (darkening) of olive mill 
wastewater and the oxidation and subsequent polymerisation of the phenolic 
compound present OMW, High Performance Liquid Chromatography (HPLC) 
analyses were used. HPLC analyses were carried out by external laboratory 
at Centre de Biotechnologie de Sfax (CBS) / Tunisia, and the results were 
reported to the author. 
Simple phenolic and polyphenol compounds exist in the fresh OMW and the 
oxidized OMW samples from the previous experiments were identified. The 
principle of HPLC is explained in the following sections, together with the 
results obtained from these tests. 
6.2 High Performance Liquid Chromatography (HPLC) 
6.2.1 General 
High Performance Liquid Chromatography (HPLC) is an analytical technique 
for the separation and determination of organic and inorganic solutes in any 
liquid samples. The technique has various applications in the biological, 
pharmaceutical, food , the environmental , and industrial fields (Levin , 2002). 
6.2.2 HPLC equipment 
HPLC equipment includes a column, an injector, a pump, detector and 
recorder or data system, connected as shown in Figure 6.1 (Kazakevich and 
McNair, 2000). 
Column: The heart of the system is the column where separation occurs 
(Levin , 2002). A typical column is constructed from a rigid material (such as 
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stainless steel or plastic) and is generally 5 - 30 cm long, .and the internal 
diameter is in the range of 1 - 9 mm (Levin , 2002) . A solid support (stationary 
phase) of uniform particles (diameter between 5 and 10 [Jm) is contained 
within the column, and the mobile phase continuously flows over this 
stationary phase. Mobile phase refers to the solvent (containing the liquid 
material to be analysed) being continuously applied to the column, which may 
be a gas, a liquid, or a supercritical fluid (Kazakevich and McNair, 2000). 
Injector: The sample to be analysed (separated) is introduced into the mobile 
phase by an injection device, manual or automatic, prior to the column 
(Laballiance, 2003). 
Pump: A high-pressure pump (up to 6000 psi) is required to force the mobile 
phase through packed stationary phase bed at typical flow rates of 0.1 - 2.0 
ml/min (Levin, 2002). 
Detector: A detector is an electronic device that quantitatively discerns the 
presence of the separated components as they elute (reach the end of the 
column) . There are different types of detectors. Some common detector types 
are: UVNisible light absorbance, differential refractive index, electrochemical, 
conductivity, and fluorescence (Kazakevich and McNair, 2000). The response 
from the detector is digitised and sent to a data system (Levin, 2002) for 
conversion into meaningful outputs. 
Data system: A means of controlling the system components and storing, 
processing and displaying data (Levin, 2002) . There are several types of data 
systems, each differing in terms of available features. In routine analysis , 
where no automation (in terms of data management or process control) is 
needed, a pre-programmed computing integrator may be sufficient. If higher 
control levels are desired, a more intelligent device is necessary, such as a 
data station or minicomputer (Levin , 2002). 
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Figure 6.1: HPLC equipment (Kazakevich and McNair, 2000) 
6.2.3 HPLC Process 
The components of the mixture to be analysed are injected into a mobile 
phase that then enters the column. The components distribute themselves 
between the mobile phase and stationary phase in varying proportions. 
Compounds that interact strongly with the stationary phase migrate very 
slowly with the mobile phase; in contrast, compounds that are weakly retained 
by the packing material migrate rapidly with the mobile phase (see Figure 
6.2). Figure 6.2a shows in diagrammatic format, three stages in the elution of 
components along an HPLC. The components A and B move down through 
the stationary phase at different speeds. Component A migrates (elutes) more 
quickly than component B. Figure 6.2b shows the chromatogram as the 
output from the HPLC unit. Component A is detected first, reaching the end of 
the column before component B. As a consequence of the differences in 
mobility between the individual components of a mixture, the sample 
components are separated into discrete bands (or zones) that emerge from 
the column at specific 'retention times'. These bands may be identified 
qualitatively and/or further analysed quantitatively using an appropriate 
detector (Laballiance, 2003) . Electrical signals sent to a processing unit and 
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output device (printer or chart recorder) can provide results in hard copy 
format (Chromatography, 2003). 
Figure 6.2: HPLC process (Levin. 2002) 
Chromatog raphic 
Process 
B 
a. Elution through the Column 
6.2.4 Applications for HPLC 
b. 
A 
\ 
B 
/ 
Chromatogram 
HPLC has many applications including separation, purification, identification, 
and quantification of various compounds (ASRG , 2003). It is necessary to 
understand the theory of HPLC operation to achieve the optimum analyses of 
the mixture components. Some HPLC applications are listed below: 
1) Preparative HPLC: refers to the process of separation and purification of 
compounds (Chromatography, 2003). For this application the degree of solute 
purity and the amount of compound produced per unit time is important 
(ASRG,2003). 
Chemical Separations: can be accomplished using HPLC by utilizing the 
fact that certain compounds have different migration rates given a particular 
column and mobile phase. Thus, the chromatographer can separate 
compounds from each other using HPLC; the extent or degree of separation is 
mostly determined by the choice of mobile phase and stationary phase 
(ASRG,2003) . 
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Purification: refers to the process of separating or extracting the target 
compound from other (possibly structurally related) compounds or 
contaminants (Chromatography, 2003). Each compound should have a 
characteristic peak under certain chromatographic conditions (i.e. for a 
particular combination of column, mobile phase and stationary phase). 
Depending on what needs to be separated and how closely related the 
samples are, the chromatographer may choose the conditions, such as the 
most appropriate mobile phase, to allow adequate separation in order to 
collect or extract the desired compound as it elutes from the stationary phase. 
The migration of the compounds and contaminants through the column needs 
to differ enough so that the pure desired compound can be collected or 
extracted without any other undesired compound (ASRG, 2003). 
2) Analytical HPLC 
For analytical HPLC, the focus is to obtain information about the sample 
compound. The information that can be obtained from analytical HPLC 
includes identification and quantification of a compound. 
Identification: Identifying a compound by HPLC is accomplished by 
researching the literature and by trial and error. A reference sample of a 
known compound must be utilized in order to assure identification of the 
unknown compound. Identification of compounds can be assured by 
combining two or more detection methods as the compounds reach the end of 
the column (ASRG, 2003). 
Quantification: Quantification of compounds by HPLC is the process of 
determining the unknown concentration of a compound in a known solution 
(Chromatography, 2003). It involves injecting a series of known 
concentrations of the standard compound solution into the HPLC unit for 
detection. The chromatograph of these known concentrations will give a 
series of peaks that correlate to the concentration of the compound injected 
(ASRG, 2003). 
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6.2.5 Types of HPLC 
There are many ways to classify liquid column chromatography. If this 
classification is based on the nature of the stationary phase and the 
separation process, three modes can be specified (Kazaketevich and McNair, 
2000). Molecules will detained within the stationary phase, but gradually 
migrate because of the continuous flow of the solvent (mobile phase). 
• Adsorption chromatography: In adsorption chromatography the 
stationary phase is an adsorbent (such as silica gel or any other silica 
based packing) and the separation is based on repeated adsorption-
desorption steps as the molecules attach and detached from the 
materials for the stationary phase (Kazaketevich and McNair, 2000). 
• Ion-Exchange chromatography: In ion exchange chromatography the 
stationary bed has an ionically charged surface of opposite charge to 
the sample ions (Kazaketevich and McNair, 2000). This technique is 
used almost exclusively with ionic or ionizable samples. The stronger 
the charge on the sample, the stronger it will be attracted to the ionic 
surface and thus, the longer it will take to elute. The mobile phase is an 
aqueous buffer, where both pH and ionic strength are used to control 
elution time. 
• Size exclusion (Gel filtration) chromatography: In size exclusion 
chromatography the column is filled with material having precisely 
controlled pore sizes, and the sample is simply screened or filtered 
according to its molecular size within the mobile phase (Kazaketevich 
and McNair, 2000). Larger molecules will elute from the column first , 
and the smallest molecules will elute last, with intermediate molecules 
strung out in between. As the samples elute from the bottom of the 
column, they are collected in tubes as fractions of consistent volume. 
Usually, fractions of a particular volume are collected. In most cases, 
however, the eluted fractions must be tested to determine both what 
fractions contain which compounds and how much of each compound 
is in the different fractions. 
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Mainly for historical reasons, this technique is also called Gel Filtration 
(GF) or Gel Permeation (GP) Chromatography, although today the 
stationary phase is not restricted to a "gel". Size exclusion 
chromatography is a practical method of characterising the molecular 
weight and molecular weight distribution of synthetic polymers, 
biopolymers and natural polymers (Chromatography, 2003) . 
6.3 HPLC tests for OMW samples 
HPLC analysers were carried out for ten selected samples of OMW used in 
the experiments mentioned in chapter 5. The samples were provided to 
external laboratory in Tunisia (CBS laboratory) where the analyses were 
carried. CBS laboratory staff gained a wide knowledge over a number of 
years of practical experience of analysing OMW by HPLC. The resulting 
chromatograms from HPLC analyses together with , the descriptions of the 
equipments used and the conditions of the operations provided to the author 
were presented through the texts and for in Annex H. 
Characteristics of the ten samples are shown in Table 6.1. Details of the 
HPLC equipment used and the operating conditions under which the 
analyses were carried out are found in Annex H. HPLC tests were used to 
analyse and characterise the OMW samples. Specifically tests were 
intended: 
• Identify the simple phenolic compounds found in the stored and fresh 
OMW samples , and to determine their concentrations. 
• Determine the distribution of the polyphenol compounds according to 
their molecular weights using the gel filtration (size exclusion) 
chromatography technique. Without reference samples it ;s not 
possible to identify the polyphenolic compounds and its 
concentrations. Determining the unknown concentration by HPLC 
analysis involves injecting a series of known concentrations of the 
standard compound solution for detection. Standards of polyphenol 
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compounds were nol available in Ihe laboralory in Tunisia where Ihe 
lesls were carried oul and were very difficult 10 obtain. However as Ihe 
purpose of Ihis test is only to verify whether or not the phenolic 
compounds found in stored OMW oxidized and polymerised to 
complex polyphenolic compounds. The HPLC analys is results are 
adequate to compare the distribution of the polyphenolic compounds 
according to their molecular weights for various samples kept under 
different storage conditions. 
Table 6.1: The description of the OMW samples which were tested by 
HPLC 
Sample Storage contlition Description of samples 
No 
S1 Stored for two weeks, agitated by Very Dark, oxidized 
stirrinq durinq sloraqe. 
S2 Stored for two weeks, agitated by Very Dark, oxidized 
stirring during storage. 
S3 Stored for two weeks, agitated by Very Dark, oxidized 
stirring during storage. 
S4 Stored for two weeks , not Brown, not oxidized 
exposed to air during storage. 
S5 Stored for two weeks, not Brown, not oxidized 
exposed to air during storage. 
S6 Stored for two weeks, not Brown, not oxidized 
exposed to air during storage. 
S7 Fresh OMW Reddish brown, not oxidized 
S8 Stored in the Plexiglas column Brown, not oxidized 
(1 m depth , 30 cm diameter) for 
one year exposed to air from the 
lop, 
S9 Stored in the Plexiglas column Brown, not oxidized 
(1 m depth, 30 cm diameter) for 4 
months. Exposed to air from the 
tOR· 
S10 Stored for 4 monlhs in a shallow Dark, partially oxidized 
plastic container (1 m length, 
0.3m width, 0.3m depth). 
Exposed to air during storage. 
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6.3.1 Simple phenolic compounds 
The first result obtained from HPLC was the identification of the simple 
phenolic compounds found in the tested samples, and their concentrations. 
The resulting chromatogram for each sample, together with the calculated 
peak area percentages and the concentrations of each simple phenolic 
compounds detected at a wavelength of 280nm were found in Annex H. 
From the chromatogram results it was found that eleven simple phenolic 
compounds were detected, these compounds are: 
• Hydroxytyrosol 
• 3,4 -Dihydroxyphenylacetic acid 
• Tyrosol 
• Caffeic acid 
• Coumaric acid 
• Vanillin 
• Ferulic acid 
• 4-Hydroxybenzoic acid 
• Vanillic acid 
• 4-Hydroxyphenylacetic acid 
• Oleuropein 
The concentrations of each component of these simple phenolic compounds 
are shown in Table 6.2. Literatures identified similar compounds of phenolic 
compounds and the analyses carried out by several researchers showed that 
hydroxytyrosol and tyrosol were the most abundant phenolic compounds in 
OMW. Other compounds such as p-coumaric, caffeic, ferulic and vanillic acids 
were also present. 
From Table 6.2 it was found that: 
o The total concentrations of simple phenolic compounds in samples S1 
to S8 inclusive are approximately similar. Total concentration of sample 
S9 and S 10 are lower than others samples. This variation of total 
concentration may be due to source difference of OMW. Sample S9 
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and S10 are taken from the storage reservoir inside the mill while 
samples S1 to S8 are taken directly from the outlet of the mill. 
Table 6.2: The concentrations of simple phenolic compounds identified 
in OMW samples 
Simple phenolic compound concentratiens (mgll) 
"0 ~ " ;;. "C c: 0 c: III Q) Q) 
"C "C "C '0 "C c: 0 N '0 '0 ~ ~ "0 c: ..c: '0 " '" c: 'Qi Sample >- Q) Cl. '" '" '" " '" Cl. ... I III , ~ >- .!::! " .;: " 0 >- '<t 0 )( " 'c '<t 'Qi 
'" 
~ 
NO. >< .., 0 ~ 0 :;: :::l ~ )( E '" :::l 0 ~ 0 ~ Q) ::: ~ ~ "C c: :> ~ ~ ~ " '" '" :::l Q) "C Z >- '" :> u 0 u. 0 >- J: J: is , ,U J: '<t 
S1 936.00 32.20 209.8 16.60 96.60 33.20 1.00 0.30 1.66 3.00 14.60 
'S2 1259.60 24.60 61.20 0.00 244.00 22.00 0.48 0.21 0.64 1.88 21.60 
S3 1666.70 48.80 52.80 10.40 441.80 39.60 1.28 2.90 1.06 3.76 120.00 
. ". 
S4 1816.20 2.20 69.40 0.00 36.80 8.20 0.32 0.29 0.29 2.20 7.08 
'.; S5 , 1373.20 13.20 50.80 3.00 19.00 0.48 0.24 0.25 0.10 1.76 5.36 
.. ,.... 
S6 1666.60 22.00 74.80 1.60 27 .20 0.58 0.40 0.48 0.10 2.66 77.20 
S7 1548.60 1.08 57.80 3.00 9.80 1.94 0.30 0.10 0.07 2.52 140.80 
" 
I-S8 1883.80 3.54 82 .00 0.00 92.80 12.00 0.46 0.98 0.15 1.40 7.00 
., S9 297.60 16.2 78.80 2.60 25.80 0.62 0.64 0.04 0.94 1.80 9.80 
S10 333.80 11.00 116.80 5.40 33.80 1.1 4 0.50 0.08 0.14 2.20 8.60 
o Also from table 6.2 it is clear that hyd roxytyrosol was the most 
abundant phenolic compound present in all OMW samples. The 
average concentration of this compound on OMW samples compared 
to the total simple phenolic compound concentration was estimated to 
be 80% (Table 6.3) . This compounds is describe in the literatu re as one 
of the major phenolic compounds. However, the contribution of 
hyroxytyrosol to the overall total simple phenolic compounds 
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1344.96 
1636.21 
2389.20 
1942.97 
1467.38 
1873.52 
1766.01 
2084.13 
434.84 
513.46 
concentration was higher for samples S4, S5, S6, S7 and S8 (not 
oxidized) than for the other samples. / 
Table 6.3: The concentrations of Hydroxytyrosol found in OMW in 
comparison to the total simple phenolic compounds concentrations 
S 1 936.00 1344.96 70% 
2 1 
S3 1666.80 2389.20 70% 
S4 1816.20 1942.97 94% 
5 1 1 
S6 1666.60 1873.62 
87 1548.60 1766.01 88% 
·1883.80 3 90% 
297.60 434.84 68% 
0 513.46 
Average 1278.22 1545.28 80% 
Cl Caffeic acid, coumaric acid, vanillin, ferulic acid, 4-hydroxybenzoic 
acid, vannilic acid and 3,4 -dihydroxyphenylacetic acid were found at 
low concentrations in all OMW samples, however, the last two 
compounds (vannilic acid and 3,4 -dihydroxyphenylacetic acid) were 
found in samples S1, S2 and S3 (oxidized samples) at higher 
concentrations than in the other samples but still their percentage 
contribution to the total simple phenolic compound concentration in the 
sample was not significant. 
Cl Tyrosol: The contribution of this compound to the total simple phenolic 
compounds found in the OMW samples was significant only in samples 
S1, S9 and S10. The percentage of this compound to the total 
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concentrations was calculated as 15.6%, 18% and 22.7% in sample 
S1, S9 and S10 respectively. While for the other samples the 
contribution of this compound is not significant. 
o 4-Hyroxyphenylacetic acid: From the results obtained it was found that 
the contribution of this compound to the total simple phenolic 
compounds found in OMW sample was significant only in samples 81, 
82 and 83 (oxidised samples). The percentage of this compound to the 
total concentrations was calculated as 7.2%,15% and 18.5% in sample 
81, 82 and 83 respectively. For the other samples (not oxidized) the 
contribution of this compound is less significant. 
o Oleuropein: The calculation of the concentrations of this compound as 
a percentage of the total phenol concentration shows that this 
compound was found in small quantities in the tested samples except 
for the fresh sample (sample 7), as this compound contributes about 
8% to the total concentration phenolic compounds found in sample 7. 
6.3.2 Polyphenolic compounds in OMW samples 
The phenolic compounds contained in OMW are mainly divided into two 
groups. The phenolic compounds of the first group are simple phenolic 
compounds and these were identified and quantified by HPLC technique and 
presented in the previous section (6.3.1). The phenolic compounds of the 
second group (polyphenolic compounds) contain dark coloured polymers, and 
result from the polymerization and auto-oxidation of the simple phenolic 
compounds. The polyphenolic compounds can be separated according to 
their molecular weights using the GFC (Gel Filtration Chromatography) 
technique. 
Separation of polyphenolic compounds according to their molecular weight is 
obtained by HPLC/GFC. Comparison of the distributions of the molecular 
weights of compounds in the tested samples was based on the principle of 
GFC mentioned before, as larger molecules will elute from the column first, 
and the smallest molecules will elute last, with intermediate molecules strung 
out in between. As the samples elute from the bottom of the column, they are 
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collected in tubes as fractions. The quantity of polyphenolic compounds found 
on each fraction (tub) was measured using a UV detector with the output 
being absorption at a wavelength of 280 nm. This wavelength (280 nm) is the 
standards wavelength used for phenolic compounds. 
The results obtained from GFC show the distribution of the polyphenolic 
compounds according to their molecular weights. The gel filtration diagrams 
for the ten samples are shown in Figures 6.3 to 6.12 inclusive. In these figures 
time is plotted against absorption at a wavelength of 280 nm using a UV 
detector. The molecular weight distribution is completed in about half an hour 
per sample. 
From the molecular weight distributions (Figure 6.3 - 6.12) three peaks are 
recognised at times 18.6, 20.2 and 21.6 minutes for all samples tested. The 
times at which these peaks occur are datum values to compare the responses 
of the different samples (Table 6.4). The status of the samples was specified 
depending on the colour of the sample. Oxidized samples have very dark 
black colour, fresh and not oxidised samples have a red brown colour, 
partially oxidized samples have a dark colour but not as the intense as for 
oxidized ones. 
Table 6.4: The absorption at wavelength 280 nm measured for OMW 
samples bv UV detectors at three time intervals usina GFC 
}~~~~~~b~;3~ ~Stafe'o. fWl1'(absorptionaf280;nmi';vplts • ,,';:,;,ii1';)'1 t!:;aOipi~ 'X~';';18'5'" ''''X,~ 20' 2" .,' '}(is:'21:6 ,'rn in' ,-,. '" . ,mm""""" ',.-' . ,mm 
Sample 1 Oxidized 0.07 0.08 0.09 
Sample 2 Oxidized 0.09 0.08 0.08 
Sample 3 Oxidized 0.09 0.085 0.058 
Sample 4 Not oxidized 0.013 0.012 0.02 
Sample 5 Not oxidized 0.Q15 0.012 0.022 
Sample 6 Not oxidized 0.015 0.012 0.019 
Sample 7 Fresh 0.01 0.007 0.014 
Sample 8 Not oxidized 0.013 0.009 0.017 
Sample 9 Not oxidized 0.014 0.013 0.022 
Sample 10 Partially 0.02 0.025 0.037 
oxidized 
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Figure 6.3: Gel filtration for sample 1 
Figure 6.4: Gel filtration for sample 2 
Figure 6.5: Gel filtration for sample 3 
_ E:\Crr~nE~O"'.~3:Det8ctor Pt (280rm')' . 
_ E:\AnalysfJIPOJyOo.1~PII 001, 
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Figure 6.6 Gel filtration for sample 4 
Figure 6.7: Gel filtration for sample 5 
Figure 6.8: Gel filtration for sample 6 
_ E:\CJTETlEcha12.00, Detector A (280rwri) 
_ E:lAnalyse\PoIyO01.Ph 001, 
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Figure 6.9: Gel filtration for sample 7 
.I 
Figure 6.10: Gel filtration for samples 8 
J ,', ,"- ," ,- ,.-. '. ;;, ,: ,', ",,,':- - , 
.~·E:\CITEJ\Ech014'08<'DetectOJ~·~~O~m) 
o , i 5 
" • MfnUlri, 
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Figure 6.11: Gel filtration for sample 9 
i 
Figure 6.12: Gel filtration for sample 10 
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The following obseNations can be noted from Table 6.4: 
! 
• The absorption values for the oxidized samples (S1, S2 and S3) at 
times 18.6, 20.2 and 21.6 minutes are all higher than for the other 
samples. High absorption is associated with high molecular weight, and 
high absorption is therefore associated with complex polyphenol 
compounds, rather than with simple phenolic compounds. 
• By comparing the absorption values at different times for the three 
oxidized sample (S 1, S2 and S3), it was found that sample S3 has the 
lowest absorption at time 21.6 minutes. This means that sample S3 has 
lower quantities than the other oxidised samples of the phenoliC 
compounds of lower molecular weight. As mentioned before, the higher 
molecular weight compounds elute first and the lower molecular 
compounds elute later. 
• Samples S4, S5, S6, S8, S9 (stored but not oxidized) and S7 (fresh 
sample) have very similar absorbance values. However sample S7 has 
the lowest absorption value at times 18.6, 20.2 and 21.6 minutes. This 
means that the phenolic compounds of high molecular weights are 
found in smaller amounts than in the other samples. Comparing the 
absorption values of these samples to the abs-orption value for the 
oxidized samples; it was found that the samples that were not oxidised 
had lower absorption values. In other words these samples contain less 
phenolic compounds of higher molecular weight compared to the 
oxidized samples. 
• Sample S10 (partially oxidized) has lower absorption values than the 
oxidized samples and higher absorption than samples which are not 
oxidized. 
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It was initially assumed that the colour change of OWNV during storage was an 
indication of oxidation. And it was noticed that when the colour changed the 
COD concentration increased. To verify the relationship between the colour 
change (blackening) of olive mill wastewater, increased COD concentration 
and the oxidation and subsequent polymerisation of the phenolic compound 
OMW, soluble COD concentration and colour absorbed spectrometery at a 
wavelength of 390 nm were measured for the aforementioned ten samples. 
The results obtained were summarized in Table 6.5, and illustrated in Figure 
6.13 (soluble COD concentrations for the tested samples) and Figure 6.14 
(colour absorption). 
Table 6.5: COD and colour absorbance values for OMW samples 
S 1 158000 
S2 186000 
S 3 152000 
S 4 66000 
S 5 64000 
S 6 59000 
S7 67000 
S 8 60000 
S9 64000 
S10 104000 
Figure 6.13 shows concentrations of 
soluble COD for the different samples. 
From figure 6.13 it was found that: 
• Soluble COD concentrations for 
samples Si, S2 and S3 
(oxidised) were higher than in 
samples S4, S5 and S6 (stored 
but not oxidised). The average 
soluble COD concentrations in 
samples Si, S2 and S3 was 
155099 mg02/1, while the 
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average soluble COD concentrations in samples S4, S5 and S6 was 
63219 mg02/1 which is very close to the COD obtained in thei fresh 
OMW sample (sample S7, COD = 67008 mg02/1). 
• Sample S8 has a soluble COD concentration of 59675 mg02/1 which is 
close to the soluble COD of the fresh sample (S8 was taken from OMW 
stored in a Plexiglas column for more than one year). 
• Comparing soluble COD concentrations of Samples S9 and S1 0, it was 
found that the soluble COD concentration of sample S 10 is around 1.6 
than that of sample S9. The conditions of storage for these two 
samples are not the same, sample S10 was taken from open container 
with the OMW surface area exposed to air, while sample S9 was taken 
from a Plexiglas column sealed across its surface. 
• Comparing the values of soluble COD concentrations with the data 
obtained from GFC, it was found that the oxidised samples (S1, S2 and 
S3) have the highest soluble COD concentrations. These samples also 
have polyphenolic compounds with higher molecular weight in higher 
concentrations (high absorption values) than in the other samples (S4, 
S5, S6, S7, S8 and S9). Sample S10 has more polyphenolic 
compounds with higher molecular weight than the other non-oxidised 
samples (S4, S5, S6, S7, S8 and S9) but less polyphenolic compounds 
than the oxidised samples (S1, S2 and S3). Sample S10 also has COD 
concentration more than for samples S4, S5, S6, S7, S8 and S9, but 
less than COD concentrations for samples S1, S2 and S3. 
• The reason for this increase in COD concentration in oxidised samples 
was probably due to evaporation of water from the OMW as a result of 
agitation. Agitation prevented the formation of an oily layer on the 
surface of the OMW. This lack of oily layer perrnits both transfer of 
oxygen and evaporation of water. Also evaporation of water from OMW 
enhances the polymerisation of the oxidized phenolic compounds to 
complex polyphenolic compounds, because polymerisation is 
enhanced at higher concentration. 
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Figure 6.14 shows colour absorption at a wavelength of 390 nm for different 
samples. From Figure 6.14 it was observed that: 
• Colour absorbed in the oxidised 
samples (S1, S2 and S3) is 
higher (on average 
approximately 4 times as much) 
than the colour absorbed in 
samples S4, S5 and S6. 
However, the average colour 
absorbed in samples S1, S2 
and S3 was 89 while the 
average colour absorbed in 
samples S4, S5 and S6 was 23. 
This value (colour absorbed = 
23) is close to colour absorbed 
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Figure 6.14 : Colour absorbed at 
wavelength of 390 nm for the ten OMW 
samples 
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• The colour absorbed in sample S8 was very low (colour absorbed =12) 
in comparison to the other samples, even in comparison to the fresh 
sample. Some treatment, such as anaerobic digestion, may have 
occurred during the storage of OMW inside the column. It is not 
possible to confirm this suggestion. 
• On the other hand colour absorbed in sample S10 was approximately 
twice that absorbed in sample S9, and colour absorbed by S9 is very 
close to that for the fresh sample (S7). 
From the previous discussion of the results obtained from the HPLC (Gel 
filtration) tests and from the results of the colour absorption and COD tests 
which were carried out for the ten OMW samples, it was found that: 
• OMW in samples 81, 82 and 83 was oxidised and polymerised and 
formed complex compounds with black colour. This was clear from the 
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Gel filtration diagram for these samples. In these samples the phenolic 
compounds of high molecular weights were found in larger quantities 
than in the other samples. At the same times these samples (the 
oxidised samples S1, S2 and S3) have high COD concentrations and 
high colour absorbance at a wavelength of 390 nm. 
• The gel filtration for samples S4, SS, S6, S8 and S9 shows that the 
OMW in these samples was not oxidized, and the phenol compounds 
are still in their simple form. The gel filtration of these samples shows 
that the amounts of phenolic compounds of high molecular weights are 
very low compared to those in the oxidised samples (S1, S2 and S3), 
but similar to those in the fresh sample. These samples (S4, SS, S6 S8 
and S9) show low COD concentrations compared to the oxidised 
samples (S1, S2, S3). The colour absorbed in these samples (S4, SS, 
S6 S8 and S9) is also relatively low. 
• For sample 10 the gel filtration, colour absorbed and COD tests show 
that sample 10 was partially oxidized compared to samples S1, S2 and 
S3 (oxidized samples). Sample S10 formed a complex compound with 
high molecular weight. It has high COD and high colour absorption in 
comparison to samples S4, SS, S6, S7, S8 and S9, but it has lower 
COD and colour absorption values than for the oxidised samples (S1, 
S2 and S3). 
6.4 Conclusions 
HPLC and GFC tests were carried out for OMW samples taken from the 
previous experiments mentioned in chapter 5 (Exp I, Exp 11 and Exp Ill). 
1. The first three samples (S1, S2 and S3) were taken from Exp 111/1 after 
storing for 14 days. It is believed that these samples were oxidized. 
2. Samples S4, SS and S6 were also taken from Exp 111/1, but these 
samples were not oxidized. 
3. Sample S7 is fresh OMW, 
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4. Sample S8 was taken from Plexiglas storage column (Exp I). Although 
this sample stored for one year, it is believed that this sample was not 
oxidized. 
5. Sample S9 was taken from Plexiglas column (Exp 11), and this samples 
was stored for four months. It is believed that this sample was not 
oxidized. 
6. Sample 10 taken from OMW plastic container (Exp 11). This samples 
was stored for four months and it is believed that this sample was 
partially oxidised. 
The results obtained from HPLC are summarised in section 6.3.1. In this test 
, \ 
the simple phenolic compounds in the ten tested samples were identified 
together with their concentrations. Standard reference simple phenolic 
compounds were available so it was possible to measure concentrations and 
identify simple phenolic compounds. The results obtained from GFC are 
summarised in section 6.3.2. This test showed the distribution of the phenolic 
compounds according to their molecular weights. Polyphenolic compounds 
were separated according to their molecular weights and collected in tubs. 
Standard reference compounds were not available so it was not possible to 
measure concentrations of the polyphenolic compounds. The quantities of 
polyphenolic compounds found in each tub were measured as absorption at a 
wavelength of 280 nm. The information obtained is quite satisfactory as the 
aim of this test is to make comparisons between the OMW samples stored 
under different conditions. Samples containing polyphenolic compounds of 
high molecular weights have high absorption values. The high molecular 
weights resulted from the oxidation and polymerisation of the simple phenolic 
compounds during storage of OMW. From the results obtained by HPLC and 
GFC, it was concluded that: 
• From the eleven simple phenolic compounds identified in the OMW 
samples it was found that hydroxytyrosol is the most abundant 
compound found in all of the ten OMW tested. The contribution of the 
concentration of hydroxytyrosol to the total simple phenolic compounds 
concentration was on average, 80%. 
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• Tyrosol, oleuropein and 4-hyroxyphenylacetic acid compounds! were 
found in significant concentrations but not in all ten samples. 
• The compounds caffeic, coumaric acid, vanillin, ferulic, 4-
hydroxybenzoic acid, vanillic acid and 3,4 -dihydroxyphenylacetic acid 
were found in low concentrations in all OMW samples. 
• It was concluded that when the simple phenolic compounds found in 
OMW became oxidized and polymerised, complex compounds with 
high molecular weights were formed. These have a black colour and 
have high COD concentrations. The reason for this increase in COD 
concentrations was probably due to evaporation of water from the 
OMW in the agitated samples. 
• The relationship between the colour change (darkening) of olive mill 
wastewater and the oxidation and subsequent polymerisation of the 
phenolic compound present OMW was clarified using GFC/HPLC test. 
It was initially assumed that the colour change of OMW during storage 
was an indication of oxidation. Results from the HPLC and colour 
absorption tests provide supporting evidence for this. The oxidised 
samples showed higher colour absorption and higher polyphenolic 
content than the samples which were fresh, not oxidised, or partially 
oxidised. 
• Cheynier and Flucrand (2003) state that phenols turn to a dark colour 
when oxidised and polymerised. The dark colour may not be 
associated with complete oxidation and the relationship may not be 
linear. Oxidised and polymerised phenolic compound have an intensive 
dark colour, and Smith (2004) reports that some phenolic compounds 
may turn to an intense dark colour when only a very low percentage of 
phenolic compounds have been oxidised. 
115 
- ---------------------------------------------------------------------
Outline of Chapter 7: Review of Olive Mill Wastewater 
(OMW) treatment options ! 
7.1 Introduction 
7.2 Characteristics affecting treatment plants 
7.3 Treatment and disposal processes 
7.3.1 Physico-chemical treatment 
7.3.1.1 Thermal processes 
7.3.1.2 Flocculation-clarification 
7.3.1.3 Membrane processes 
7.3.2 Biological treatment 
7.3.2.1 Aerobic treatment 
7.3.2.2 Anaerobic treatment 
7 .. 3.3 Land treatment 
7.3.4 Combinations of treatment 
7.4 Initial assessment 
7.5 summary 
116 
7 Review of Olive Mill Wastewater (OMW) treatment 
options ! 
7.1 Introduction 
Disposal of olive mill wastewaters (OMWs) is one of the main environmental 
problems in the Mediterranean Area, where the greatest quantities of olive oil 
are produced with a large volume of wastewaters within just a few months 
(from November to January in Palestine, the period varies for other countries). 
The high polluting activity of OMWs is linked with their high content of organic 
molecules, especially polyphenolic mixtures (1-10 g/I) with different molecular 
weights (Hamdi, 1992), as well as their acidity and high concentrations of 
potassium, magnesium, and phosphate salts (Arienzo and Capasso, 2000). 
Besides aromatic compounds, OMWs contain other organic molecules, 
including nitrogen compounds, sugars, organic acids, and pectins (Della 
Greca et aI., 2000), that increase their organic load (COD = 80-200 g/I; BOO = 
50-100 g/I). Furthermore, the physicochemical characteristics of OMWs are 
rather variable, depending on climatic conditions, olive cuItivars, and the 
degree of fruit maturation, storage time and extraction procedure. Because of 
these characteristics, the disposal of OMWs in urban sewage treatment plants 
is not practicable. Several treatment techniques have been tested by various 
researchers to reduce the impact of OMWs on municipal plants and on the 
receiving water bodies by using physical-chemical treatment, biological 
treatment or a combination of treatment methods. 
In the next sections possible options for treatment of OMWs are introduced 
and assessed, to provide a full overview of what may be applicable. The 
advantages, disadvantages and limitations of each method are discussed. 
Next, the initial assessment of appropriate and suitable treatment for OMW in 
Palestine was carried out taking into account construction and operation 
costs, simplicity, previous experience and low power requirement. Finally, the 
most promising options for use in Palestine were identified for further 
evaluation. 
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7.2 Characteristics affecting treatment plants 
Effects of OMWs on sewers are quite severe and related to the aciditY and 
suspended solids content of the waste. High concentrations of organic acids 
are very corrosive and damage the sewage pipes (Rozzi and Malpei, 1996), 
and suspended solids in OMW settle in the sewer pipes together with the 
domestic solids. Here the solids undergo anaerobic fermentation producing 
bad odours and increasing the acidity of wastewater. Direct disposal of OMW 
into sewers also affects wastewater treatment plants. The main effects of 
OMWs into wastewater treatment plants are related to their concentration, 
composition and seasonal production. Pollution of 1 m3 of OMW is equivalent 
to the pollution of 100 • 200 m3 of domestic sewage (Rozzi and Malpei, 1996). 
Therefore, because the quantity of OMW can vary considerably and is 
unpredictable, problems of managing wastewater treatment plants are 
encountered during the olive milling period. Low concentrations of nitrogen 
and appreciable concentrations of slowly biodegradable compounds in OMW 
are other problems to be considered if OMWs are together with domestic 
wastewater. 
Therefore, the ratio between the pollution loads from olive mills and domestic 
sources is an important factor in the selection of a treatment management 
method. When the load due to OMW is low, compared to the domestic 
wastes, it may be possible to dispose of OMW in existing or planned sewage 
treatment plants. As a consequence, appreciable savings can be obtained 
because there is no need to provide separate, dedicated, treatment facilities. 
When the mills load is high exceeding the organic load from domestic wastes 
(Rozzi & Malpei, 1996), then independent treatment could be more 
appropriate. 
The calculation of the ratio between the pollution loads from olive mills and 
domestic sources in the West Bank is presented in the accompanying text 
box. From this calculation it is estimated that the pollution load of OMW in the 
West Bank is more than four times that of the pollution load from domestic 
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pollution. Therefore, it is generally not feasible to dispose of OMW into urban 
treatment plants, and separate treatment could be more appropriate. ! 
OMW vs. domestic sewage pollution loads in the West Bank 
Calculations of pollution loads of OMW and domestic sewage in the West Bank 
are based on the following assumptions and figures: 
No of olive mills in the West Bank = 209 mills 
Average OMW production = 1.5 times the volume of olives processed 
Average pollution concentration of OMW = 140 g COD/I 
Average pollution load per capita per day = 100 g COD (MO PlC, 1998) 
Population in the West Bank = 1.54 million inhabitants (MEA, 1999) 
Calculation of pollution Ratio of olive mills to domestic sewage 
No. of olive mills = 209 
Average capacity per mill per day = 15 tonnes olive 
Quantities of OMW = 1.5 times the volume of olives processed oil 
Average OMW per mill per day = 1.5 x15 = 22.5 tonnes 
Total OMW per day = 22.5 x 209 
= 4703 tonnes 
Average pollution load of OMW = 140 kg COD/m3 
Total pollution load = 4703 x 140 
= 658420 kg COD Iday 
Domestic pollution load per capita = 100 g COD I day 
Assuming that the population of West Bank = 1.54 million 
Total pollution load of the population = 1.54 million x 100/1000 
Olive Mills pollution load as COD per day 
Residential pollution load as COD per day 
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= 154000 kg COD Iday 
= 658420 kg COD I day = 4.28 
154000 kg COD I day 
7.3 Treatment and disposal processes 
Direct dumping of OMW into the environment is not acceptable due to its high 
organic load and the presence of polyphenols, thus treatment is required prior 
to disposal. This section describes the range of treatment options that have 
already been studied either at laboratory scale or in pilot plants. These 
treatments can be classified as chemical-physical, biological, land treatment 
and Jor combination of treatment methods. 
Most of the materials in this section were taken from SWEMP-PROGRAM, 
Final Report, (1999) and Rozzi & Malpei, (1996) unless otherwise indicated. 
7.3.1 Physical- Chemical processes 
7.3.1.1 Thermal processes 
Thermal treatment aims to reduce of the water content of OMW. This can be 
done by natural evaporation, distillation or incineration. Apart from 
incineration, which completely disposes of the wastewater, these methods 
concentrate the organic and inorganic contents of OMW by evaporation of 
water. 
A) Natural evaporation processes 
Natural evaporation ponds rely on the 
combination of solar heat and wind to 
naturally evaporate water. This method 
concentrates the organic and inorganic 
contents and the evaporated water is free of 
COD and BOO (Fink, 2003). 
Methods using natural evaporation of OMW in ambient air have been 
developed in Spain. In 1981, the Spanish government prohibited the 
discharge of OMW into the rivers and subsidized the construction of ponds for 
the storage of OMW during the milling period and the evaporation of its water 
content during summer months. Evaporation ponds have been partially 
successful in full scale mainly in Spain, Italy, Greece and Tunisia. 
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Advantages: 
• Simple in construction, operation and maintenance ,I 
• No energy consumption 
• Satisfactory resistance to load variations 
• Low sludge production 
• Low construction and operation costs 
• The evaporation ponds are fairly efficient in arid and semi arid areas as 
warm climates accelerate treatment 
• Suitable for the scattered olive mills, no need for transportation 
• The OMW is concentrated and the evaporated water is free from COD 
and BOO. 
Disadvantages: 
• A major problem related to natural evaporation in general is the 
possibility of infiltration of wastewater into the soil and groundwater. 
Mitigation measures such as lining the lagoon are vital for proper 
functioning. 
• The ponds cause serious negative environmental impacts on nearby 
areas due to the foul odours, as the smell of OMW is normally 
considered quite strong and unpleasant. The treatment plants based 
on this process should be located far away from the residential areas, 
especially where residential areas are down-wind of the treatment 
sites. 
• Evaporation ponds require a large area of land 
• The thin oily layer formed on the surface of the evaporation pond limits 
the evaporation rate. 
B) Distillation processes 
Distillation is the purification of wastewater by vaporisation of the whole liquid 
followed by controlled condensation of the vapour. The wastewater is 
separated into a residue containing non-volatile organic and mineral salts, and 
a condensate that consists of water and volatile substances. The process 
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must be carefully monitored as the different components of the wastewater 
vaporise at different temperatures (Tham, 2003). I 
Advantages 
• High reduction of COD and BOO concentrations of the evaporated 
water. This method concentrates the organic and inorganic 
components of OMW and creates clean water. 
• Requires only one more stage of treatment. 
Disadvantages: 
The main drawbacks of these processes are related to the post-treatment and 
disposal of the concentrated wastes. 
• One problem can be the disposal of the concentrated paste. Use as an 
animal feed is limited by the very high concentration of potassium 
(Annesini, 1983). Otherwise it can be burned as fuel in the boiler which 
provides the thermal energy to the distillation plant, but its combustion 
induces air pollution which has to be dealt with by post-treatment of the 
gases. 
• A second problem is related to the condensate. The distillate is not 
made of pure water but carries away an appreciable fraction of volatile 
compounds found in OMW, such as volatile acids and alcohols. These 
compounds cause the condensate to have a high COD, which can 
reach 3 g COD/I. Additional treatment of the distillate prior to discharge 
or reuse is therefore necessary. 
• In addition, to heat wastewater to temperatures such that the 
substances begin to vaporise requires a lot of energy (electric energy 
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requirements may be as much as 100 KWh/m\ It can be clearly seen 
that from an economic point of view, this is an expensive option. , 
C) Combustion or incineration 
Incineration is the simple destruction of the material,converting everything 
into gas or ash at very high temperatures (up to about 1000 QC). 
Advantages: 
• These processes are obviously more suitable for wastes which have a 
high calorific value, so that they can bum without the need for 
additional fuel. Incineration can overcome the problems associated 
with distillation, such as the concentrated residue and treatment of the 
distillate. All the wastewater is treated and no significant amounts of 
solid or liquid waste remain 
Disadvantages: 
• The disadvantages of this method far outweigh the advantages, since a 
large amount of energy is required. About 100 kWhlm3 of electric 
energy is needed in addition to thermal energy, and this thermal energy 
is often provided either by fossil fuels or by crushed olive stones. Large 
amounts of CO and CO2 are also released during combustion, causing 
air pollution. 
7.3.1.2 Coagulation Flocculation-Clarification 
Chemical coagulation process with settling or floatation is a technique applied 
to the wastewater to remove, primarily the colloidal impurities and the 
associated biochemical and chemical oxygen demand (BOO & COD). The 
charges present on the colloidal surfaces result repulsion and do not allow 
them to agglomerate and form flocs. The coagulation process neutralizes the 
charge present on the particles surfaces with the help of coagulants whereas 
flocculation brings them together to make flocs by slow agitation. Settling 
follows coagulation and flocculation to remove resultant flocs from the 
wastewater (Shamim, 2003). 
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This process is not very efficient in reducing the concentration of pollutants in 
OMW because most organics present are difficult to precipitate (e.g. sugars 
and volatile acids). Tests have been performed which show that the maximum 
removal efficiency, using large amounts of lime, is in order of the 40-50%. 
This process can be used as a post treatment to remove residual pollutants 
and suspended solids after biological processes. 
7.3.1.3 Membrane processes 
Membrane processing is a technique that permits concentration and 
separation without the use of heat. Particles are separated on the basis of 
their molecular size and shape with the use of pressure and specially 
designed semi-permeable membranes (Goff, 2003). 
Principle of operation 
When a solution and water are separated by a semi-permeable membrane, 
the water will move into the solution until equilibrium is achieved in the 
system. The pressure that drives the movement of water through a semi-
permeable membrane is known as osmotic pressure. If a mechanical force is 
applied to exceed the osmotic pressure (up to 700psi), the water is forced to 
move down the concentration gradient i.e. from low to high concentration 
(Goff, 2003). With this high pressure the semi-permeable membrane allows 
smaller molecules to pass through the membrane, but act as a barrier to the 
passage of larger molecules. 
Membrane Processing 
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Membrane technologies that are of interest in the treatment of OMW are 
micro-filtration, ultra-filtration and reverse osmosis. With micro-filtration, 
particles with a diameter between 0.05 to 5 micrometers can be separated. 
The colloidal, suspended constituents are completely removed (SWEMP-
program, 1999). 
With ultra-filtration suspended pollutant (particles with diameter between 
0.001 and 0.05 micrometer) such as oils or phenolic compounds can be 
eliminated along with colloidal constituents (Turano et ai., 2002). 
Reverse osmosis process used semi-permeable membrane to separate and 
remove dissolved solids; organic, submicro colloidal matter, viruses and 
bacteria from water (LENNTECH, 2003) 
Advantages of membrane processing: 
• Produces high quality products with low COD and BOO concentrations. 
This method concentrates the organic and inorganic components of the 
waste behind and clean water across the membrane 
• Systems are flexible in design. 
Disadvantages of membrane processing: 
• These processes have been proposed several times for the treatment 
of OMW; the main drawback of the membrane processes is that the 
concentrate has to be processed prior to disposal. 
• Fouling of membranes and the decrease of permeation fluxes still 
remain severe problem for the process even in the presence of a pre-
treatment step; Membrane fouling is attributed to the oil phase that 
makes easier the agglomeration of macromolecules essentially 
composed of suspended solids, ashes, organic particles, etc. These, in 
turn, tend to block membrane pores, causing a very steep permeate 
flux drop when no pre-treatment is used and a smoother one when a 
great part of suspended solid has been removed. 
• Pollutants are concentrated and separated, not treated. 
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7.3.2 Biological treatment 
In biological treatment microorganisms, including bacteria, are used to digest 
or break down biodegradable chemical substances present in wastewater. 
Biological systems have to be established over a long period, need to be well 
maintained to be highly effective, should be fed continuously, and require time 
to adapt to variable conditions. The biological systems are sensitive to 
changing conditions and the presence of toxic substances. Depending on the 
amount of oxygen available in the system, one can distinguish between 
aerobic and anaerobic treatment. 
7.3.2.1 Aerobic treatment 
In these processes aerobic microorganisms degrade a fraction of the 
pollutants in the influent by oxidizing them using oxygen which is provided by 
an external source (either by air or pure oxygen). These microorganisms use 
most of the remaining fraction of the pollutants to produce new cells (sludge). 
Much organic matter is oxidized into simple chemical end products or 
converted into bacterial cells which can be physically separated and removed. 
A full-scale activated sludge plant has been in operation since 1979 in Italy for 
the combined treatment of OMW and domestic sewage (Rozzi & Malpei, 
1996). The primary sedimentation stage includes a chemical precipitation to 
decrease the polluting load entering the biological stage. Trickling filters have 
been also tested in Italy but the results were not very satisfactory (Aozzi & 
Malpei, 1996). 
Advantages: 
• Aerobic treatment such as activated sludge and trickling filters are 
usually exploited to remove dissolved and colloidal pollutants from 
wastewater at low concentrations (in the order of 1 g COD/I). Higher 
concentrations can be tolerated only if the plant operates at a long 
hydraulic retention time and for with a high recycle ratio. 
• High efficiency in BOO removal. 
• Some control of operating parameters at both the design stage and 
during operation 
• Low land requirements. 
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Disadvantages: 
• Aerobic treatment depends on the availability of free oxygen and 
digestible and biodegradable nutrients in suitable concentrations. 
• Aerobic treatment is sensitive to the presence of toxic compounds. 
• Aerobic biological treatment involves intensive aeration. The energy 
typically required is about 30 kWhlm3 wastewater. Therefore the high 
BOO concentration of OMW (50 - 100 g/I BOO) makes it unsuitable for 
direct treatment by aerobic biological treatments, because of the 
energy costs. 
• Aerobic treatment of concentrated wastewater yields large volumes of 
excess secondary sludge which must be treated and disposed of. 
• It is also difficult using aerobic processes to achieve the required 
removal efficiency for specific classes of pollutants such as 
polyphenols and colour. Aerobic treatment concentrates on reduction 
of BOO, suspended solids and some nutrients. 
• Expensive capital and operating costs 
• Complicated operationally and needs sludge treatment and disposal 
7.3.2.2 Anaerobic treatment 
Anaerobic digestion is carried out in airtight vessels by bacteria in the 
absence of oxygen to decompose organic compounds. Growth rates of these 
microorganisms are appreciably lower than those for aerobic bacteria and the 
metabolic degradation pathways require several different microbial 
popuJations in series. These make process control of anaerobic processes 
more delicate than aerobic ones. 
Four major processes can be distinguished in the anaerobic degradation of 
particulate organic matter; these are hydrolysis, acidogenesis, acetogenesis, 
and methanogenesis (Subuh, 2000). In the hydrolysis process the complex 
particulate matter is converted into dissolved compounds with low molecular 
weights (proleins are hydrolysed to amino acids, carbohydrates are 
transformed into soluble sugar and Iipids are converted to long chain fatty 
acids). Acidogenesis involves transforming the hydrolysed compounds (amino 
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acids, sugars and long chain fatty acids) into carbon dioxide, hydrogen and 
mainly volatile fatty acids. In the acetogenesis process, the aCidogenesis 
products are converted into the final products for methane production such as 
acetate, hydrogen and carbon dioxide. Finally, in the methanogenesis 
process, the formation of methane from the products of acetogenesis is 
accomplished. 
Several anaerobic processes have been tested on OMW: anaerobic contact, 
upflow anaerobic sludge blanket (UASB) reactors and anaerobic filters. Each 
of these is considered separately. 
Anaerobic contact 
The anaerobic contact process has been tested by several researchers in the 
laboratory or in pilot scale digesters (using OMW concentrations ranging from 
15 - 70 kg COD/m3). The results are promising and indicate that the process 
can be used as a roughing treatment of OMW (Rozzi & Malpei, 1996). 
Reducing COD concentrations prior to further treatment stages. 
Removal efficiencies of 80 - 85% of COD have been achieved when operating 
at volumetric loading rates in the range of 2 - 4 kg COOl m3 per day and 
hydraulic retention times of the order of 20 - 25 days (Rozzi & Malpei, 1996). 
Upflow anaerobic sludge blanket (UASB) 
In order to treat the OMW by the UASB process, it is necessary to dilute the 
waste considerably, especially during start-up, otherwise the anaerobic 
treatment process can become very unstable making starting and control very 
difficult. 
Experiments of treating OMW by UASB have been performed in Italy with 
both laboratory and pilot plant scale reactors. The laboratory scale reactors 
were started using OMW diluted with tap or well waters down to 5 kg COD/m3 , 
After successful start-up the concentration was then gradually increased in 
steps of 2.5 kg COD/m3 up to a final concentration of about 15 kg COOl m3• 
Alkaline chemicals as well as urea were added to the waste in laboratory 
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scale reactors, because OMWs were found to be deficient in nitrogen. For the 
pilot plant the OMW was diluted with settled sewage, which supplies sufficient 
ammonium. The maximum volumetric loadings were of .the order of 15 kg 
COOl m3 per day and the removal efficiencies of COD in the range 70 - 75% 
(Rozzi and Malpie, 1996). However, the cost of the alkaline chemicals is the 
main drawback of the application of the UASB process to treatment of OMW. 
Treatment in a UASB needs to foHow by further treatment stages. 
Anaerobic filters 
Anaerobic filters are vessels filled with natural or synthetic media which are 
colonized by bacteria to form a fixed biofilm. They can operate as upfiow or 
downflow reactors depending on the direction of flow within the filters. The 
main advantages of anaerobic filters are that they require very little process 
control, they can withstand high temporary overloads and they do not require 
any control procedure in order to retain the biomass within the reactor. 
Upflow anaerobic filters for OMW treatment have been tested in Italy under 
laboratory conditions and in pilot reactors. The results obtained were quite 
promising, as in the pilot filter of 2 m3 packed with plastic media and operating 
at 3 - 4 kg COOl m3 per day loading with a hydraulic retention time of the 
order of 3 - 4 days, the COD removal efficiency was of the order of 80% 
(Rozzi & Malpei, 1996). COD removal efficiencies of 60 - 65% have been 
obtained at loading rates in the range of 9 - 18 kg COOl m3 per day at the 
laboratory tests (Rozzi & Malpei, 1996). Once again further treatment stages 
are needed. 
Advantages of anaerobic treatment 
• Anaerobic digestion is increasingly being used to treat liquid organic 
effluents because it allows the recovery of an appreciable fraction of 
the chemical energy in the waste as methane. 
• Anaerobic digestion produces much less waste sludge than aerobic 
processes. Sludge is stabilised in the reactor itself and requires only 
disposal, without any sludge treatment. 
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• Anaerobic treatment is suitable for OMWs as this waste consists of 
organic and soluble compounds (sugars, pectins, etc). i 
• Energy requirements are less than 1 kWh/m3. 
• The seasonal production of OMW is not a major disadvantage for 
anaerobic treatment because the decay rates of methanogens are very 
slow and a digester can be easily restarted even after several months 
of shut down (Hamdi, 96). 
• Very low land requirement 
• Simple in construction, operation and maintenance compared with 
aerobic treatment. 
• Low construction and operation costs 
Disadvantages: 
• At high organic loading rates, the process may experience instability 
due to the inhibitory effect of polyphenols, lack of ammonia, and due to 
the acidity of OMW (Angelidaki and Ahring, 1996). The concentration of 
phenolic compounds on OMW can exceed 10 gll, where 1 g/I of 
phenolic compounds can be toxic to methanogenic organisms (Hamdi, 
1996). 
• In addition to the phenolic compounds, anaerobic digestion of OMW is 
also inhibited by long chain fatty acids (Hamdi, 1996). 
• In order to overcome the above problems with anaerobic treatment, 
OMW has been diluted with water, and urea has been added as a 
nitrogen supplement (Boari, 1984). Furthermore, the alkalinity of the 
reactor content has often required adjustment by addition of sodium 
bicarbonate (NaHC03), sodium hydroxide (NaOH) or calcium hydroxide 
Ca (OH) 2. However dilution of OMW with clean water results in 
undesirable large effluent volumes. Additions of chemicals are not 
economical or environmentally desirable (Angelidaki and Ahring, 1996). 
• Anaerobic treatment reducing COD concentrations but further 
treatment stages are required to achieve the permissible limit to 
discharge the effluent into the environment. 
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• Long start-up period required because of the low metabolic rate of 
anaerobic bacteria. / 
• Relatively sensitive to load variations 
7.3.3 Land treatment 
Land treatment is another option for OMW treatment. Direct irrigation of soil 
with OMW has long been proposed (Cabrera et aI., 1996). OMW contains 
both water and nutrients (Sierra et aI., 2001), so reducing the need for 
additional water and fertilizer. 
At present, Italian regulations permit the spreading of OMWs on agricultural 
soil, subject to certain limitations (Martella et aI., 2000). The Italians issued 
such permits because of the. expense of introducing and operating new 
technologies for pretreatments, and the difficulty of providing treatment using 
conventional treatment methods. 
In land treatment, the soil is taken as a medium to biodegrade wastes. BOO 
removal in Land treatment system can exceed 98% (Crites and 
Tchobanoglous, 1998). Almost complete removal of organic and inorganic 
compounds of OMW was achieved when it was applied in doses of 5000 -
10000 m3 ha-1yea(1 (Cabrera et aI., 1996). 
Limitations and constraints of land treatment 
The following limitations have to be considered when land treatment is used 
for OMW treatment: 
• Land treatment of OMW needs a stretch of gently-sloping land close to 
the olive mill, where the soil has adequate porosity, permeability and 
hydraulic conductivity, thus allowing infiltration of the OMW, and 
minimising ponding and runoff. A soil analYSis has to be carried out to 
determine what the physical and chemical characteristics of the soil are 
suitable. 
• A deep water table protected by an impervious soil layer is required to 
prevent ground water pollution. 
• Areas having low rainfall and high evaporation are also desirable. 
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• However, special attention must be paid to hydrogeological 
characteristics of soils to avoid nitrate pollution and salinization ·of the 
ground aquifer (Cabrera, et al. 1996). 
• The dosage of OMW is kept strictly to the following limits (SWEMP-
program, 1999): 
- For traditional olive oil extraction methods, 30 mS/ha/year 
- For centrifugal olive oil extraction methods, 100 m3/ha/year 
• After spreading OMW on the soil, there should be an interval of at least 
one month prior to seeding, to avoid phytotoxic (toxic to plants) effects 
of phenol and osmotic pressure changes. Problems could occur 
because of the acidity of the olive oil wastewater, although lime could 
be added for pH control to neutralise some of the organic acids. 
Advantages: 
• If the land and the application equipment are available at a reasonable 
cost, this would allow small or medium sized olive mills to make use of 
this disposal procedure without the need for relatively large 
investments. 
• There is no solid residual (sludge) needing treatment. 
• The OMW acts as a fertilizer and soil conditioner. 
• Simple construction, operation and maintenance. 
• Flexible to variations in load, provided applications limits. are followed. 
• Land application combines treatment with final disposal. 
• Very high efficiency in BOO removal. 
• Efficient in Nitrogen and Phospherous removal. 
Disadvantages: 
• Land treatment can cause extensive pollution of the soil and may 
transfer harmful chemical compounds into other media, such as 
groundwaters and surface waters (Fiorentino, 2003). 
• Recently, Aliotta et al. (2002) reported the phytotoxic effects of 
polyphenols from OMWs on seed germination, and Yesilada and Sam 
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(1999) reported the toxic effects of polyphenols on the soil bacterium 
Pseudomonas aeruginosa. .' 
• More recently Fiorentino (2003) reported the toxicity effects of 
polyphenol compounds found on OMW on different trophic levels in the 
aquatic system. It was found that the highest toxic potential is 
associated with the low-molecular-weight phenol components due to 
the presence of catechol and hydroxytyrosol, two of the most abundant 
phenols present in fresh OMWs, as consistently cited in literature 
(Fiorentino, 2003). 
7.3.4 Combination of Treatment methods 
Physico-chemical processes require high investment and maintenance costs. 
The costs appear particularly high because of the seasonal character of the 
olive-oil extraction industry. Therefore, great interest has been focused on 
biological treatment (anaerobic) of OMW, applying variation on conventional 
treatment processes. 
The biological treatment of OMW by anaerobic digestion has been 
investigated by several researchers. Inhibitory effects on methanogenic 
bacteria caused by high concentrations of aromatic compounds have been 
reported (Boari et aI., 1984). The presence of phenolic inhibitors, which slow 
the anaerobic treatment process, hinders removal of part of the COD and 
detracts from the economic viability of biological treatment. Several methods 
have been tested in attempting to solve the above-mentioned problems, such 
as: 
• Diluting the waste, 
• Aerobic pretreatment of OMW with several microorganisms such as 
Aspergillus Niger (Assas et aI., 2002), Phanerochaete chrysosporium, 
Aspergillus terreus or with Geotrichum candidum. This enhances the 
process of anaerobic digestion, due to the removal of phenolic 
inhibitors. 
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• Physical pre-treatment including filtration, ultrafiltration, distillation, 
evaporation and freezing. These methods were developed in It.aly, to 
reduce the toxicity of the waste to methanogenic bacteria. 
• Physical-chemical pre-treatment; physical treatment was achieved by 
addition of iron sulphate and calcium dihydroxide, and chemical 
oxidation was achieved by addition of hydrogen peroxide (Zouari, 
1998). 
• Chemical pre-treatment by chlorination with sodium hypochloride 
followed by ozonization (Gonzalez et aI., 1994 and Flouri et aI., 1996). 
• Codigestion of OMW with animal manure has been studied. The results 
obtained show that it is possible to degrade OMW by mixing it with 
manure without pre-dilution, without addition of alkaline substances 
and without addition of nitrogen materials (Anglidaki et aI., 1997). This 
is due to the high buffering capacity of manure, together with the 
presence of several essential nutrients (Angelidaki and Ahring, 1996). 
7.4 Initial assessment 
As stated in chapter one, more than 200,000 m3 (during the milling season 
from November to January) of OMW is discharged directly to the environment 
without any treatment in the West Bank/Palestine. The aim of this section is to 
identify appropriate treatment processes to mitigate OMW pollution of the 
environment in Palestine. 
Most of the treatment processes used for industrial and domestic waste waters 
have been tested on olive oil influents in many Mediterranean countries (Italy, 
Spain, Greece, Tunisia, and Morocco). The previous section (7.3) reviewed 
most of these technologies. The aim of this section is to select the most 
suitable technologies for Palestine for further study. 
The most important criteria to select the proper treatment technology of OMW 
are: 
• Simplicity in construction, operation and maintenance 
• Low investment and operational cost 
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• Previous experience in Mediterranean countries 
• Environmental impact 
• Social aspects 
• Institutional aspects 
• Technical aspects 
• Financial and economic aspects (Unit cost of treating one cubic OMW) 
For initial assessment the criteria of simplicities; low investment and 
operational costs and previous experience have been chosen as keys 
features for the pre-selection of appropriate technology for this study. Such 
criteria are easy to find without a need for detailed study as for the others. The 
other criteria (environmental, social, institutional, technical and financial 
aspects) were postponed for detailed assessment in chapter 10. 
The technologies that have been reviewed in the previous section are 
presented in Table 7.1. Initial assessment for the above treatment 
technologies was carried out and presented in Table 7.1. The following 
options have been discarded for further evaluation for the following reasons: 
• Distillation and incineration are reliable but quite expensive and energy 
intensive 
• Membrane processes are rather complicated and wastes are 
concentrated rather than treated, and require treatment before 
disposal. 
• Flocculation -clarification: rather expensive, has limited efficiency and 
is still under study. 
• Aerobic treatment: High-energy requirements, high consumption of 
nutrients, very high production of secondary sludge which has to be 
disposed of, high capital cost. 
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Table 7 1- Initial assessment of OMW treatment technoloaies 
- -
. Planning Criteria ! 
Treatment Simplicity Operation & Previous Ranking 
methods maintenance experience 
costs 
Evaporation ponds VVV VVV VVV 1 
Distillalion X XXX X 7 
Incineration X XXX X 7 
Membrane 
processes X XX V 6 
Flocculation V X X 5 
clarification 
Aerobic trealment VV X VV 4 
Anaerobic treatment V vvv 3 V 
Land treatment VVV VV VVV 2 
V means Positive (better qualities are indicated by more ticks) 
X means Negative (worse qualities are indicated by more crosses) 
Evaporation ponds, anaerobic treatment and land treatment are ranked as the 
best three options. These technologies achieved requirements such as 
simplicity, low investment and operational costs and previous experience. 
Nevertheless, the final selection of the most applicable and appropriate 
technology for the Palestinian situation has been evaluated in the subsequent 
chapters. Other factors such as social, institutional and environmental 
considerations have been considered in order to identify a sustainable 
technology. 
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7.5 Summary / 
Random disposal of OMW in Palestine is the common practice, more than 
200,000 m3 of OMW is discharged to environment during the milling season 
(Nov-January) without any treatment. It is estimated (section 7.2) that the 
pollution load of OMW in the West Bank is around four times that of the 
pollution load from domestic wastewater. However, it is not generally 
attractive to dispose of OMW into urban wastewater treatment plants, and 
separate treatment is more appropriate. 
The initial assessment of appropriate and suitable treatment methods for 
OMW in Palestine was carried out taking into account the investment and 
operation costs, simplicity and previous experience. Evaporation ponds, land 
treatment and anaerobic treatment were selected for further evaluation as 
they achieve the requirements such as simplicity of operation and 
construction, low operation and investment costs and have been operated on 
a wide scale in many Mediterranean countries. For the final selection of 
appropriate treatment methods, other factors such as social, technical, 
institutional and environmental considerations were considered. Other 
chapters discussed these factors and provided guidance on choosing a 
suitable system for treating OMW in Palestine. 
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8 Olive Mill Owners Attitudes 
8.1 Introduction ! 
In Palestine, OMW (which is a highly polluting by-product of olive processing) 
is disposed of untreated to surrounding areas close to the olive mills, into 
sewerage networks and into wadis. Disposal of OMW is a serious 
environmental problem, which requires a solution. In the previous chapter 
(chapter 7) initial assessments of appropriate OMW treatment in Palestine 
have been carried out. However, for further and final evaluation of the most 
suitable technology, local factors (such as economic, social, institutional and 
environmental factors) have to be considered for sustainable OMW 
management. 
To consider the social factors in selecting suitable management system for 
OMW, the researcher intended to assess the concerns and interests of olive 
mill owners towards OMW problems. Therefore, the attitudes of the olive mill 
owners towards the present situation in OMW management, and towards 
development of a new management system have been canvassed in the 
West Bank using questionnaires. The West Bank is considered in this sUNey 
as a case study because more than 90% of the olives grown in Palestine are 
processed in the West Bank. 
This chapter outlines the aim of the survey, the methods of work and the 
results obtained. In addition, this chapter includes the conclusions and 
recommendations from the results obtained. 
8.2 Aim of the survey 
The social survey for the olive mill owners has two main objectives. One is to 
find out how the olive mill owners respond to the present situation of handling 
and disposing of OMW. The second is to know how they will commit 
themselves to a new management plan for OMW if and when it is developed. 
Consequently this research studied the attitudes and concerns of the olive mill 
owners in different districts of the West Bank towards a new management 
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plan for the handling and disposal of OMW. The results of this survey are 
used in the final selection of suitable treatment techniques for OMW in 
Palestine. 
8.3 Method of works 
The research material needed was obtained from: 
(1) Data from published sources (Chapter 1) ""hich includes: 
• The number of mills in the study area ryvest Bank) 
• Distribution of olive mills in the study area 
As stated in chapter 1, more than 90% of the olives grown in Palestine are 
processed in the West Bank, at 209 mills. These 209 mills are located within 
the West Bank, with 38.8% of mills located in the Tulkerm district, 18.7% in 
the Ramallah and Bethlehem districts, 18.7% in the Jenin district, 18.4% in 
the Nablus district and 5.4% in the district of Hebron. It is clear that olive mills 
are mainly located in the northern part of the West Bank (Nablus, Jenin and 
Tulkerm), as more than 75% of the mills in the West Bank are located in these 
areas. 
(2) A questionnaire study, which is directed to a representative sample of 
mills in each district (Nablus, Jenin, Qalqilia, Tulkerm, Ramallah), as it is 
not possible to send the questionnaire to all mill owners due to the 
prevailing political situation in Palestine. 
The questionnaires consisted of 23 questions, which dealt with the methods 
used in extracting the olive oil, the capacity of the mills, the current methods 
of storing and disposing of OMW, the advantages and disadvantages of the 
present management system for OMW handling and disposal, and the 
reasons preventing mill owners from improving their working practices .. 
Furthermore, it included questions on general attitudes towards a possible 
new management plan for handling and disposing of OMW. A copy of the 
questionnaire, showing the various questions asked, is including in Annex F. 
140 
Most questions were structured (closed), but there were also some open-
ended questions. 50 questionnaires were delivered to 50 olive mills distributed 
in the six districts in the West Bank (Nablus, Tulkerm, Jenin, Ramalah, 
Qalqilia and Hebron). Some questionnaires were delivered by hand, and 
others by fax. 
From 50 possible respondents, 23 questionnaires were filled in and returned, 
an encouraging response rate of 46%. Table 8.1 illustrates the number of 
questionnaires distributed and retuned, and the response rate per district. In 
the Nablus district, the questionnaire was sent to 20 mill owners, all of whom 
filled out and returned the questionnaire. In the Tulkerm district 5 mill owners 
were selected to fill the questionnaire and only one (20%) of them filled in and 
returned the questionnaire. In the district of Jenin 8 mill owners were selected 
to complete the questionnaire, 25% of them were returned. In Rammalah, 
Hebron and Qalqilia districts 5, 10 and 2 mill owners respectively were 
selected to complete the questionnaire, but none of the respondents returned 
them. 
Table 8.1: Number of questionnaires distributed and returned per district 
Nablus 20 20 100% 
Tulkerm 5 1 20% 
Jenin 8 2 25% 
5 0 0 
Hebron 10 0 0 
Qalqilia 2 0 0 
Despite certain difficulties associated with moving around to collect data, due 
to the prevailing political condition in Palestine, it should be emphasized that 
the researcher obtained an encouraging response, with answers showing 
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consistent attitudes. This provides an adequate picture of the current 
situation, and also provides a basis for subsequent planning. ! 
The analysis of the questionnaire has been done and the following section 
presents the results obtained. 
8.4 Results and discussion 
8.4.1 Sources of data 
23 respondents completed and returned the questionnaire. 86% were from 
the Nablus district, 9% were from the Jenin district and 5% from the Tulkerm 
district as shown in Figure 8.1. The researcher is from the district of Nablus, 
and due the to political situation, it was possible to contact olive mill owners in 
Nablus and very difficult to make contact in other districts. The Palestinians 
throughout the West Bank have similar concerns, which means that the 
owners from any place in the West Bank have the same problems, attitudes 
and perspectives. 
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8.4.2 MethodS of olive oil extraction 
Figure 8.2 shows that of the mills that included in this survey, 77% use the 
centrifugal method of extraction for the olive oil, and 23% use the traditional 
method. The average capacity of the traditional mill is approximately 11 
tonnes of olives processed per day, while the average capacity of the 
142 
centrifugal mills is approximately 35 tonnes of olives per day. The average 
number of working days for the mills in a year is around 43 days. ! 
Figure 8.2 Olive oil extraction methods 
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The olives processed in the mills belong to both the olive mill owners and to 
local farmers. Figure 8.3 shows that for the mills surveyed, 73% of processed 
olives belong to the mill owners and other farmer, 23% belong to the farmers, 
and only 5% belong to the owners of the mills. 
Figure 8.3: Sources of processed olives 
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8.4.3 Current practices of OMW handling and disposal 
Storage tank ! 
Most of the respondents (86%) have a reservoir for storing OMW inside the 
mill. Reservoirs have an average volume of 70 m3• The rest (14%) do not 
have a reservoir, and they dispose of the OMW directly outside the mills. 
Frequency of discharge from the reservoir 
Regarding the frequency of emptying the OMW reservoir, Figure 8.4 shows 
that 20% of the respondents empty the OMW storage tank daily, 45% of them 
empty the tank every 2-4 days and the rest (35%) empty the tank every 4 
days or more. 
Methods of disposal 
According to the respondents, three methods are used to dispose of OMW 
from mills (see Figure 8.5): 
• 9% of respondents dispose of OMW produced inside their mills directly 
to the surrounding area 
• 9% of them discharge OMW to the sewerage network. 
• 82% of them discharge the OMW directly to wadis. 
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Figure 8.5: OMW disposal methods ! 
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This confirms what was found in the literature (chapter 1), that most of the 
olive mill owners dispose of their wastes directly to the wadis, and some of 
them (a minority) discharge the OMW either to the sewerage network or to the 
surrounding area around the mills. The choice of disposal method depends on 
the location of the mill. If a mill is close to a sewerage network, the olive mill 
owners dispose of wastes to the network. The olive mill owners dispose 
around the mill if it is located in an open area and far from any residential 
areas. The mills close to residential areas and far from sewerage networks 
dispose of OMW to wadis, which are natural drainage channels. 
Almost all of the respondents (90%) used vacuum tankers to transport OMW 
to the final disposal points, while only a few use pipelines. Those who use the 
vacuum tankers to transport OMW estimate that this method costs them 
around 1.2 US$! m3 of OMW. About 80% of the respondents mentioned that 
the distance between the mill and the disposal point is less than 3km. 
8.4.4 Attitudes towards the environment 
Regarding the concerns of olive mill owners about the impact of disposing 
OMW untreated into the environment, the respondents were asked if they 
thought that OMW pollutes the environment when it is disposed of untreated. 
The results are shown in Figure 8.6. 
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Figure 8.6 : Mill owners' perceptions of the polluting 
potention of OMW 
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The figure shows that only 5% of the respondents strongly believe that OMW 
pollutes the environment, and 45% believed that OMW might be a source of 
environmental pollution. In total 50% of the respondents believe that OMW 
causes pollution of the environment and have observed the problem, but most 
respondents (70%) do not know the nature of pollution caused by OMW. 23% 
of respondents do not know whether OMW pollutes the environment or not. 
The rest (27%) of the respondents think that there is no negative impact of 
disposing OMW untreated into the environment. 
Olive mill owners included in the survey were asked about the necessity of 
treating OMW before disposing. 32% of the them said that they believed that 
it is necessary to treat OMW before disposal, while 45% do not know that 
OMW has to be treated or not, the rest (23%) of the respondents think that 
there is no need to treat OMW. 
Reasons for taking no action 
The questionnaire asked olive mill owners why they do not take any action 
regarding OMW treatment. The owners justify their behaviour in different 
ways; (see Figure 8.7) 41% of them said that they do not know what action to 
take, 14% said that they do not treat wastes due to a shortage of money, 9% 
do not care about effects on the environment, and 36% believe that treatment 
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is the responsibility of others, such as the Palestinian Environmental 
Institutions. 
Figure 8.7: Reasons for taking no action regarding 
OMW treatment 
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8.4.5 Attitudes towards a possible new management system for 
OMW handling and disposal 
Olive mill owners believe that the existing management of OMW is 
inadequate, and a new system is required. 77% of respondents have a 
positive attitude towards developing a new management system and think 
that it is important. All of these (the 77% who responded positively) are willing 
to cooperate if a new management system is established. Their co-operation 
can be through many activities such as: 
1. Cost sharing (17%) 
2. Applying the proposed system (41 %) 
3. Encouraging other olive mill owners to cooperate (52%). Some 
respondents gave more than one answer. 
The rest (23%) of the respondents are quite satisfied with the existing 
situation, and think that it is working well, do not see any problem, and see no 
need for any new management system. 
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Location of OMW treatment 
The researcher investigated the attitudes of olive mill owners towards the 
location of an OMW treatment plant, whether they prefer centralised or 
decentralised treatment (on site). The respondents have different answers in 
relation to the location of the treatment plants and the final disposal of the 
treated effluents. 23% of the respondents prefer on-site treatment and reuse 
the treated OMW in agriculture, 9% prefer on site partial treatment followed by 
disposal to the public sewerage system while most of the respondents (68%) 
believe that OMW should be transferred to a centralized treatment plant, and 
that is the best option. 
Willingness to pay 
The respondents in the questionnaire were asked about who has to pay for 
the treatment of OMW. Most of the respondents (86%) think that the 
government (municipalities, environment institutions, etc.) should pay, and 
only a few of them believe that the olive mill owners should pay. This 
response was, of course, no surprise. In Palestine, olive mill owners are 
mostly not aware of the environmental impacts of OMW disposal, and they 
considered any treatment to be the responsibility of others. Implementation of 
awareness-raising programme to educate olive mill owners about the 
responsibilities of the polluters towards treatment cost might alter this 
viewpoint. 
Solid waste 
There are three products of olive oil extraction namely olive oil, solid waste 
and olive mill wastewater. In the questionnaire the olive mill owners were 
asked how they disposed of the generated solid waste. All of them related the 
fact that each farmer takes the solid waste that belongs to him, and uses it as 
a fuel for heating in winter. 
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8.5 Conclusions 
To sum up the results, it is clear that random disposal of untreated OMW to 
wadis, the area surrounding the mill, and its direct disposal to the sewerage 
network are common practices in the West Bank. 
The olive mill owner's level of knowledge about the OMW problem varied. 
Almost half of the respondents believe that OMW causes environmental 
pollution, while some of them (25%) are not aware of the problem and do not 
have any knowledge about the effects of OMW. The rest of the respondents 
(25%) do not think there is a problem and they are quite satisfied with the 
current situation. However, most of the respondents show positive attitudes 
towards developing a new management system for OMW, and they are willing 
to cooperate either by cost sharing (17%), by implementing the proposed 
management and system treatment (41%), or by encouraging other mill 
owners to cooperate (52%). In relation to the location of the treatment 
facilities, the majority (68%) prefer to transfer the OMW from mills to a 
centralised treatment plant. 
8.6 Recommendations 
It is clear that respondents differed in their knowledge about OMW. Some 
knew about the polluting potential of OMW, but others did not. Those who 
were aware that OMW can cause pollution were not aware of the full extent of 
the effects of OMW on the environment. Olive mill owners need more 
information about OMW characteristics, and about the impacts of OMW on 
the environment (such as the effects on soil, plants, sewerage networks, 
groundwater) if it is disposed of untreated. 
Efforts are needed to make the olive mill owners better understand the 
present situation. An environmental awareness-raising programme needs to 
be arranged and implemented to motivate them to look at improving the 
current situation, and to co-operate in any possible new management system. 
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9 Institutional Contexts 
9.1 Introduction 
In a previous chapter (chapter 7) initial assessments of appropriate OMW 
treatment technologies in Palestine have been carried out. However for 
further and final evaluation of the most suitable technology, local factors such 
as economic, social, institutional and environment have to be considered for 
sustainable OMW management. The objectives of the present review are 
therefore to identify the existing institutional framework for treatment and 
disposal of OMW, to describe the relations eXisting between the various 
institutions involved, and to assess the economic and technical issues raised 
by technical, operational and management aspects of OMW treatment and 
disposal. Official texts defining roles and responsibilities of the Palestinian 
ministries have been published, and these documents define the 
responsibilities and capabilities of the various public authorities. 
This chapter briefly looks at the institutional wastewater sector in Palestine, 
current legislation, and laws regarding wastewater in general and industrial 
wastewater in particular. Much of the information in this chapter about 
institutions is based on informal e·mail correspondence with officials from the 
relevant authorities. 
9.2 Existing institutions on wastewater management 
This section provides information about the various organizations associated 
with the wastewater sector in Palestine. Several organizations are involved 
and these have legal obligations to cooperate with one another. All of these 
organisations have regional offices in different administrative districts. 
Palestinian Water Authority (PWA) 
The main aim pursued by the PWA is to control knowledge and utilization of 
local water resources whilst facilitating positive initiatives taken by various 
public and private parties, who wish to use water for livelihoods. The PWA 
supervises and monitors individual water projects as well as preparing the 
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national water plan. In wastewater management, the major responsibilities of 
PWA are: .I 
• Legislation: 
o Drafting legislation on water resources, 
o Drafting waste water regulations 
• Waste water planning: 
o Preparation of master plans for collection and treatment 
o Planning, design and monitoring to ensure technical standards 
are achieved 
• Effluent standards and sludge handling: 
o Controlling discharge of effluents for groundwater recharge. 
o Managing, approving and monitoring discharge for agricultural 
reuse (PNA, 2003). 
Palestinian Environmental Quality Authority (EQA) 
Following a decree from the chairman of the Palestinian National Authority, 
Palestinian Environmental Authority was established on 10th December 1996. 
The structure of the Authority took shape in early 1998 and comprises a multi-
skilled staff split into 7 directorates: 
• The inspection and monitoring directorate, with district environment 
offices in Gaza City, Ramallah, Nablus and Hebron. This directorate is 
in charge of environmental control, and is responsible for follow-up on 
licensed factories and companies to ensure compliance with the terms 
agreed when licensed. 
• The Natural resources conservation directorate, which is divided into 
five sub-departments dealing with soil, wildlife, environmental 
conservation, bio-diversity and public park preservation. 
• The environmental studies, research and planning directorate. This 
directorate is mainly involved in the establishment of strategy and 
environmental planning. It works on the basis of statistical tools and 
data proceSSing, and is also in charge of the central laboratory unit 
which allows it to extend the Authority's environmental research 
activities. 
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• The environmental impact assessment, licensing and pollution control 
directorate. This directorate works in conjunction with companies and 
small, local factories on pollution control and on environmental impact 
assessments related to business development. It is also involved in 
finalising and approving waste treatment processes, both public and 
commercial. 
• The managerial and finance directorate, dealing with EQA staff, 
recruitment of personnel, and administrative and financial 
management. 
• The public relations and international directorate to ensure the 
awareness of activities of EQA in the West Bank, the Gaza 
Governates, and abroad. 
• The project implementation and international directorate, which is the 
executive unit for all on -going and proposed projects, negotiating with 
donors and investors. 
Since its creation, the EQA has been working on an Environmental law. The 
final amendments of this law received approval in 1998. It authorizes EQA to 
enact regulation and decisions under this law in all municipalities and 
companies. At least one of the major concerns of EQA is to preserve the 
consensus between the various authorities and stakeholders involved, and to 
supervise various projects managed by other organizations (PNA, 2003). 
Ministry of Local Government Affairs (MoLG) 
This Ministry is responsible for coordinating the provision of services by 
regional utilities (Municipalities and Village Councils). Its role is to 
control technical and financial operations. It is in charge of pricing policy 
in each municipality. 
The Ministry comprises 4 departments: 
1. Department of engineering, including a planning unit working on land 
use, 
2. Department of projects, having responsibilities for implementing and 
maintaining infrastructure projects. 
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3. Financial, Management, and Administration Department, 
4. Inspection and control Department (PNA, 2003). ! 
Ministry of Health (MoH) 
In addition to managing hospitals, clinics and conventional medical facilities 
the MoH takes an active interest in issues of general public health, such as 
food hygiene and water quality. MoH sets standards which are related to 
public health. Since its establishment in 1994, the Ministry of Health (MoH) 
has assumed direct responsibility for the provision and development of health 
services in the Palestinian territories. The Ministry has been striving to 
optimise the utilization of the available resources and opportunities, in order to 
attain its goals of meeting the health needs of the Palestinian population (PNA, 
2003}. 
Ministry of Industry (Mol) 
The Palestinian industrial sector has been subject to destructive polices 
during the Israeli occupation. The Mol is directing efforts to overcome the 
damages and reconstruct the industrial infrastructure. The Ministry has set up 
the following strategies leading towards establishing a strong and well-
developed industrial sector: 
• Achieve and follow up the implementation of all legislation and 
laws concerning industrial regulations and development. 
• Enhance the role of the Palestinian Standards Institute to 
determine and apply all production standards and specifications. 
• Protect the environment from industrial wastes and hazardous 
materials through implementing safety procedures and 
measurements. 
• Set up an efficient database and information system that will help 
design accurate industrial development programmes and 
schemes (PNA, 2003). 
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It has been shown from the above discussion that for OMW there are no clear 
responsibilities for specific institutions, although there are several institutions 
having responsibilities for pollution control and environmental protection. The 
next sections reviews relative legislation and describe current practices and 
institutional involvement in OMW. 
9.3 Available legislation for wastewater management 
Wastewater generated from olive mills is hazardous waste as it contains high 
concentration of COD, BOO, TSS and phenolic compounds values (typically 
COD 140,000 mg/l, BOO: 42,000 mg/l and TSS: 65,000 mg/l, Total phenol 
10,000 mgll). There are around 209 olive mills distributed in the West Bank. 
These mills work only for a limited period of time and dispose their waste 
without treatment. The quantity of wastewater varies from year to year 
depending on the amount of olives produced. Due to lack of proper 
infrastructure, incomplete regulations, standards, and enforcement, all types 
of wastes are released untreated into the environment. 
At present the Palestinian Environmental law can be taken as a legal 
guideline for possible measures to solve OMW problems or at least to achieve 
considerable improvements. However due to the political situation and the 
absence of enforcement for such law, random disposal of OMW to the 
environment without any treatment is still common practice. In the near future 
this situation might be changed, and significant improvement of OMW 
management procedures could then be expected. The next section reviews 
the articles of environmental law concerned with disposing hazardous 
wastewater. 
9.3.1 Palestinian Environmental Law 
The Palestinian Environmental Protection Law (PNA, 1999), more commonly 
known as the Environmental law, is currently being prepared to define the 
instruments, in environmental terms, to locate sensitive points, define 
acceptable levels of pollution and identify the evolution of environmental 
nuisances. The text of the Environmental Law is presented in Annex I. Its aim 
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is to foster environmental protection in order to guarantee sustainable 
development of the natural resources available and to preserve them for 
future generations. 
1- The law is based on several principles, some of which are briefly quoted 
below. The law states that disposal of any hazardous substances (liquids, 
solids or gases) is not allowed unless it follows the instructions and direction 
of the EQA. Article 12 in the Environmental law is related to this issue and 
reads as follows: 
Article (12) 
"No person shall be authorized to manufacture, store, distribute, use, treat, 
or dispose any hazardous substance or waste whether it is solid, liquid, or 
gas, unless in accordance with the orders and directives specified by the 
Ministry in coordination with the competent agencies'. 
2- The law emphasises that any proposed treatment (faCilities) shall minimize 
the harmful effects on the Environment and encourage economic 
development. Article 46 in the Environmental law is related to this matter and 
is reads as follows: 
Article (46) 
"When authorizing any facility, the competent agencies shall avoid 
environmental hazards by encouraging transfer to projects that use 
substances and operations less harmful to the environment, and by giving 
priority to such projects on the basis of economic developmenf'. 
3- The law states that the Environment Quality Authority (EQA) shall follow 
the implementation of agreed projects (treatments or facilities) according to 
environmental impact, and after implementation of these projects the EQA 
has to make sure that the facilities operate in compliance of the regulations, 
laws and standards. The owner of the facilities has responsibility for the 
operation and he has to cooperate with the EQA and to facilitate their 
inspection, otherwise he will be charged. Articles 49, 50, 52, 53, 54 and 59 of 
the Environmental law are related to the inspection and monitoring 
procedures and read as follows. 
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Article (49) 
"The Ministry shall follow up the implementation of the decisions issued 
regarding environmental impacts by cooperating with the competent 
agencies." 
Article (50) 
"The Ministry, in coordination with the competent agencies, shall monitor the 
variant institutions, projects and activities to verify their compliance 
with the requirements, standards and directives prescribed for protecting 
the environment and the vital resources, in compliance with the provisions 
of this law." 
Article (52) 
"The Ministry inspectors, in cooperation with competent agencies and 
administrations, have the right to have access to any facilities for 
inspection, take samples and measurements to ensure their conformity with 
the standards and conditions of environmental protection and pollution 
prevention." 
Article (53) 
"The owners of the different projects and activities have to enable the 
inspectors of the Environmental Planning and any other competent agencies 
to conduct their duties, and provide them with the information and data that 
they see necessary in compliance with the provisions of this law'. 
Article (54) 
"Every owner of a facility shall perform self-monitoring operations in 
conformity with the standards and conditions stipulated by the Ministry in 
coordination with competent agencies and shall submit reports according to 
the Ministry's directives or to any other agency prescribed by the executive 
regulation of this law'. 
Article (59) 
"Any facility owner or operator provides incorrect or misleading information 
regarding the environmental aspects of the facility he owns or operates, shall 
be penalized by imprisonment of a period not exceeding six months and a fine 
of not more than two thousand Jordanian Dinars or the equivalent thereof in 
the legally circulated currency, or one of the two penalties." 
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It is understood from the above articles that according to its composition, 
OMW is a source of pollution and may be considered as hazardous liquid 
waste as defined by the law (Article 12). Therefore, OMW has to be treated 
before disposal. Olive mill owners are responsible for operating the treatment 
facilities (Article 54), and have to cooperate with the EQA during the 
inspection and monitoring carried by the authority (Article 53). 
9.3.2 Water Law 
The most frequently quoted relevant legislation is Water Law No.3/2002 
(PNA, 2002) explaining the basis for establishment of the Palestinian Water 
Authority (PWA). It should be noted that Water Law No.3/2002 is a modified 
version of Law No. 18, published in 1996. This section explains the contents 
of this law in terms of the functions to be performed by the PWA. The text of 
the Water Law is presented in Annex J. 
According to current Water Law, industrial effluents must have an acceptable 
quality for flows before being discharged into water bodies or domestic 
wastewater systems. In approving and issuing a discharge permit, emphasis 
should be given to minimizing the impacts from industrial effluents through 
internal measures such as recycling, clean industrial processes and pre-
treatment and by using the best available technology. In addition to the draft 
Palestinian Standards for industrial wastewater quality, the PWA polices 
towards treatment of wastewater (in general) also can serve as guidelines for 
industrial wastewater in addition. According to Water Law, the following items 
shall be considered for wastewater treatment: 
• The minimum acceptable treatment level is secondary treatment (e.g., 
removal of settleable and suspended solids and biodegradable 
organics plus disinfection). Low cost technology is encouraged 
wherever it is possible. 
• All wastewater treatment processes should be chosen and designed to 
consume as little energy as possible, and potential energy in 
wastewater and sludge must be utilized whenever appropriate. 
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• In addition, independent alternative energy sources should be installed, 
if appropriate (e.g., solar systems, batteries, heat exchange pumps, 
etc.) and farmers should be involved in energy recovery projects, 
thereby benefiting from wastewater sludge and farm wastes. 
• PWA emphasizes that treated wastewater is a valuable resource that 
must be utilized in an optimal way. In this regard, agriculture is given 
priority for reuse (SEMI DE, 2002). 
It is concluded that key parameters for selecting the technology for 
wastewater treatment according to the Water Law is the cost of the treatment 
and the simplicity of the proposed technology. In addition PWA prefer 
treatment methods which require less energy, and they encourage using solar 
energy. Farmers should benefit from the sludge produced, and this might also 
be considered in selecting the technology for OMW treatment. 
9.4 Existing institutional practices 
Many steps are required to construct any new olive mill. An olive mill owner 
has to get many permits from different ministries during planning and 
construction phases for a new mill. The main steps are: 
Step one: The mill owner has to get three permits. The first permit is from the 
Ministry of Agriculture (MoA). Such permit enable the owner to apply for 
importing required equipment. The permit is issued based on the needs of the 
area for such a mill, as judged by the Ministry. The second permit is issued 
from the Environmental Quality Authority based on environmental studies. 
The owner has to conduct an Initial Environmental Evaluation (lEE) according 
to the roles of the EQA. The study could be carried by a local consultancy 
firm. The third permit is issued from the Ministry of Health. This permit is 
issued based on several conditions, mainly the impact of the proposed mill on 
public health. 
Step Two: The olive mill owner has to prepare construction drawings and 
apply to the local planning and building committee of the Ministry of Local 
Government (MOLG). The Committee issues a "conditioned" building licence 
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based on the previous mentioned permits. In case the location of mill is within 
the municipality borders, the owner can apply to the municipality directly 
without needing to apply to the Ministry. The licence is issued for one year 
and has to be renewed every year. 
Step three: The annual "Licence of Crafts and Industries" is issued by MoH 
based on common conditions set out by the MoH and the MoA. After 
construction, MoH and MoA follow up the operation of the mill. After a bilateral 
inspection by the two ministries, MoH issues the annual operating licence of 
"Crafts and Industries" against an annual fee (ranging between 35 and 70 
US$) paid by the owner to the local authority. If the location of the olive mill is 
outside the jurisdiction area of the local authorities, the annual fees are paid to 
MoH. Figure 9.1 shows the procedures for getting permits for constructing a 
new olive mill. Numbers 1, 2 and 3 in this figure refer to steps one, two and 
three (above) respectively. 
Figure 9.1: Procedure of getting the permit to construct new olive mill 
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The current management of olive mill waste has a lot of difficulties, and 
responsibilities are vague. The eXisting procedures are only aim to facilitate 
construction of a new mill, and monitoring is limited to annual renewal of the 
operating licence. There is no control of the effluent quality of OMW or the 
locations of its disposal. The main concern of the Ministry of Health is the 
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direct impact of mill wastes into surrounding residential areas. The Ministry of 
Health does not have the capacity to conduct a proper monitoring program to 
follow the indirect impacts of the OMW, and does not have responsibility for 
this. Based on the current procedures, the following proposes possible 
improvements. 
9.5 Proposed administrative procedures 
Treatment and disposal of olive mill waste requires approval from the relevant 
institutions in Palestine. The following points describe suggested future 
procedures for getting approval and the monitoring programme required. The 
relevant Palestinian institutions have to agree among themselves about these 
principles. 
9.5.1 Application for Approval 
As for any environmental project, the candidate has to submit an application 
for environmental approval to the Environmental Quality Authority (EQA). The 
approval process follows the Environmental Assessment administrative 
procedures as described in the "Palestinian Environmental Assessment 
Policy" (MEA, 1999). 
9.5.2 Permission and Licence 
After environmental approval the candidate has to get permission or a 
licence from the Ministry of Industry to implement the project according to 
their requirements. Permission for disposing treated OMW into a sewage 
system or water body is issued by PWA in coordination with MoH. The 
required application forms and administrative procedures are prepared by 
PWA. 
9.5.3 Supervision 
It is proposed that Mol would have responsibility for the supervision of the 
technical, financial and operational issues of olive mill facilities, especially for 
compliance with the conditions and requirements that have been issued. 
These may be in connection with the permission or the licence issued for the 
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facility, general guidelines applicable to the licence or other relevant laws and 
regulations. ! 
Mol checks the compliance of OMW with the physical and chemical standards 
for wastewater disposal, either at the place of disposal or the place of regular 
storage. Samples have to be taken, stored and analysed. EQA would be 
responsible for the supervision of the environmental issues associated with 
OMW. MoH would be responsible for the supervision of public health with 
regard to the disposal of OMW. 
Responsible authorities can legally enter companies and properties at any 
time or enforce entrance with police assistance. The operator of the facility 
has to give the required support and has to allow the authority to look at 
specified documents. 
9.5.4 Monitoring of wastewater, groundwater, sOil, human health 
A comprehensive monitoring programme is required to ensure that proper 
treatment and disposal of OMW is achieved, and environmental degradation 
does not occur. Minimizing adverse health impacts on concerned parties and, 
at the same time, increasing industrial production in a sustainable manner 
with complete health and environmental safety are the main objectives of 
monitoring. The following need to be monitored: 
1. OMW quality (concerning physical and chemical quality). 
2. Groundwater (concerning chemical, physical and microbiological quality). 
3. Soil (concerning physical and chemical properties of soil). 
5. Human health. 
9.5.5 Sampling, analysis and conservation 
Sampling, analysis and conservation should be carried out according to Draft 
Palestinian Standards for industrial wastewater quality. 
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9.6 Summary 
This chapter has considered the various institutions involved in protecting the 
environment in Palestine and reviewed the relevant legislation. Beside that, 
the current practices of olive mill wastewater have also discussed. 
It was found that the current management of the OMW has a lot of difficulties 
and responsibilities are vague. Based on that, recommendations for possible 
improvement of the current practices have been proposed. 
It has been shown that institutions and legislations are available in Palestine. 
Therefore, it is predicted that the proposed technology for OMW treatment in 
Palestine can be supported by the existing institutions and the appropriate 
legislation. 
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10 Suitable OMW Treatment Technology for Palestine 
;' 
10.1 Introduction 
In order to achieve sustainability in OMW treatment management, it is important 
to consider technical, economic, social, institutional and environmental factors 
when selecting treatment technology. Social and institutional factors already have 
been covered in previous chapters (8 and 9). The purpose of this chapter is to 
consider the financial and economic analyses, and to compare the treatment 
options selected in Chapter 7 (evaporation ponds, land treatment and anaerobic 
treatment) to assess the most suitable technology. Multi-criteria analysis (MCA) 
has been used for these comparisons, the methodology of which will be 
explained further in this chapter. 
10.2 Factors to be considered for sustainable OMW management 
Factors to be considered in the selection of the most suitable OMW treatment 
technology involve the following criteria: 
• Environmental factors: For the selection of land treatment and 
evaporation ponds environmental factors include constraints such as 
hydrogeological characteristics of the soil (permeability, porosity and 
chemical characteristics), and depth to the water table that may restrict or 
affect the use of certain processes. Negative impacts such as odour 
nuisance, rodents, mosquito breeding, noise, health considerations and 
visual impact could all affect the surrounding residential areas. There are 
potential positive impacts such as improved health and hygiene resulting 
from reduction of pollution load, production of soil fertilisers and 
conditioners, and resource utilisation such as production of biogas (from 
anaerobic treatment). 
• Economic factors: Cost-benefit analysis was attempted for the economic 
analysis in this research. Due to insufficient data, it was not possible to 
estimate values for the costs and benefits of the selected options for OMW 
treatment in Palestine. The costs and benefits for the different alternatives 
of OMW treatment, including the option of doing nothing were only 
identified qualitatively and summarized in a table (10.1). 
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• Financial factors: Based on the investment costs, running costs and 
affordability, the unit cost of OMW treatment for each option has been 
calculated and is presented in the next section. 
• Technical factors: Technical performance has been assessed, based on: 
1) The efficiency in the improvement of wastewater quality (BOO and COD 
reduction, degradation of problematic organic compounds, elimination 
of salts and inorganic components, etc.). 
2) The ability to treat the volume of OMW produced (capacity of treatment 
units). 
3) The suitability under given seasonal conditions. 
4) Required area/space. 
5) Suitability for different sizes of mills. 
6) Residues produced or released as liquid or solid waste. 
7) Energy dependence and consumption. 
8) Installation on site or central units for several mills, regions, etc. 
9) Medium and long-term feasibility (under forecast changes in conditions). 
• Social factors: Social attitudes are based principally on the acceptance by 
the olive mill owner to adopt new OMW management practices and the 
owners' willingness to cooperate. Olive mill owners were considered 
specifically and members of the public were not interviewed. Other 
stakeholders such as farmers and local residents are included under 
environmental issues. 
• Institutional factors: Availability of law, guideline and standards for OMW 
disposal and treatment, requirement for staffing according to complexity of 
the technology (anaerobic treatment). 
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10.3 Financial and Economic issues 
10.3.1 Financial analysis / 
Financial factors focus on technologies with low capital and operation and 
maintenance cost. This section presents a summary of the calculations for the 
unit cost for the processes selected in chapter 7 (evaporation ponds, land 
treatment and anaerobic treatment). Detailed calculations of the unit costs, 
together with the design criterion which they are based are found in Annex G. All 
calculations use the same assumptions, and have been based on the same 
treatment capacity so that direct comparison is possible. The throughput of an 
average mill (28 m3 of OMW/day) has been assumed. 
Cost analysis of evaporation ponds 
The total unit cost of construction and operation for evaporation ponds is 
estimated to be 3.49 US$ I m3 (Le. 3,49 US$ for treatment of one cubic meter of 
OMW) this includes the operation and capital costs for a design period of 25 
years. The capital cost of 0.75 US$ / m3 includes the excavation and lining 
costs, while the operation cost of 2.74 US$ / m3 includes the cost of renting the 
land and disposing of the sludge produced. 
Cost analysis of Land treatment 
The unit cost of land treatment is estimated to be 16.6 US$ I m3• This includes 
the cost of renting the land (120 Dunums for a typical mill), transporting the OMW 
from the mill to the land, spreading the OMW on the land and ploughing the land 
after spreading OMW to prevent the formation of an oily surface film. 
Cost analysis of anaerobic digestion 
The unit cost of anaerobic digestion is estimated to be 3.4 US$ I m3 , this includes 
the capital cost (based on data from literature) operation and maintenance, 
electrical energy cost and transportation. The cost excludes the expenses of 
disposing of the sludge from the storage reservoir at the mill and from the 
centralised treatment unit following anaerobic treatment. Anaerobic treatment is 
incomplete, and further advanced treatment is required to improve the quality of 
effluent for disposal. 
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10.3.2 Economic issues 
As mentioned before the economic factors need to be considered for the final 
evaluation of the appropriate technology for OMW treatment in Palestine. Cost-
benefit analysis was attempted for the economic analysis in this research. "Cost 
benefit analysis is appraisal of the advantages and disadvantages of a proposal, 
valuing as many as possible of these in monetary terms. In practice there is no 
presumption that all appraisal should involve a full CBA-effects, for small projects 
simpler approaches, which are consistent with a cost benefit framework, are 
available scoring and weighting techniques" (ESRC, 1997). 
Due to insufficient data, it was not possible to estimate the costs and benefits of 
the selected options of OMW treatment in Palestine. The lack of monetary data 
makes the identification of environmental impacts of the options very difficult or 
impossible. It was also difficult to predict all of the environmental effects of the 
options. In addition "The Environmental benefits of pollution prevention are often 
more difficult to measure than the costs' (CARES, 1994). 
Based on the above difficulties, the costs and benefits for the different options for 
OMW treatment including the current option of doing nothing were only identified 
qualitatively and summarized in table 10.1. The costs and benefits were identified 
for two target groups, the olive mill owners and member of the public, as the 
costs for one group may be benefits for the other. 
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Table 10 1- Costs and Benefits for OMW treatment options 
- -
Options Costs Benefits ! 
Society Society . 
Untreated • Loss of value of the contaminatw land • Saving costs of institutional support, 
OMW 
• The costs of damage to sewerage monitoring and control. 
collection and wastewater treatment • Potential environmental impacts during 
(Doing . systems construction, operation and maintenance 
nothing) • The cost of treating polluted water of possible treatment facilities 
resources. Olive mill owner 
• Public health risks from groundwater • Saving the investment costs of treatment 
contamination (either through drinking • Saving the operation and maintenance 
or irrigation water). costs of the treatment facilities. 
• Plant damage, loss of crops and loss 
of agricultural productivity 
• Losses of livestock 
• Health effects for people living around 
the disposal are, for farmers and for 
anyone exposed to or in contact with 
his waste 
Olive mill owner 
• Hazards to olive mill owners 
• Cost of emptying the storage tanks 
inside the mill 
Society Society 
Evaporation • Human health and nuisances (smell • Protect human health by preventing or 
and insects). reducing water resources from pollution ponds • Administration cost during construction • Protection of soil and plants from pollution 
Olive mill owner which increases agricultural productivity 
• Capital cost of treatment (including the • Prevent or reduce livestock losses 
cost of land, excavations, lining, labour • A proper treatment and disposal will 
.• etc.). enhance the attraction of visitors and 
• Cost of sludge disposal to the solid tourists to the area 
waste landfill Olive mill owner 
• Saving the energy costs 
• Saving operational and maintenance costs 
Society Society 
Land • Cost of treating the polluted water * Saving the cost of environmental damage 
treatment 
resources and soil if pollution occurs caused by unsafe disposal of sludge and 
• Cost of institutional intensive support treated wastewater 
for regular application, operation and Olive mill owner 
monitoring. • Saving the cost of treating and disposal of .. 
Olive mill owner by-products generated (sludge and the 
• Cost of the land used for treatment treated wastewater) 
• Cost of storage for OMW before • Saving water and fertilisers 
spreading • Saving energy costs 
• Cost of application of OMW to the land 
Society Society 
Anaerobic • Cost of skilled labours • Preventing or reducing pollution of water 
treatment 
• Cost of institutional support resources and soil. Prevention or reducing 
Olive mill owner damage to sewerage collection system, 
• Cost of pre-treatment and wastewater treatment plants. 
• Cost of main treatment • A proper treatment and disposal will 
• Cost of post-treatment enhance the attraction of visitors and 
• Cost of electrical energy tourist to the area 
• Cost of thermal energy Olive mill owner 
• Cost of transportation • Producing methane gas 
• Cost of sludge and treated wastewater • Saving the cost of the land required 
disposal. • If sludge and treated wastewater used for 
• Cost of maintenance and operation irrigation and fertilisers respectively, this 
will save the cost of water used for 
irriqation and reduce the cost of fertilisers. 
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10.4 Methodology of selection of technologies using Multi 
Criteria Analysis (MCA) ! 
10.4.1 Introduction 
There are different techniques used to choose and evaluate wastewater 
treatment technologies such as models based on ranking procedure, matrix. 
techniques, use of computer software program, mathematical models, etc 
(Tamayo, 2000). Due to the difficulties encountered when attempting to use 
CBA to compare between the pre-selected techniques of OMW treatment, it was 
found that it might be more appropriate to ignore the monetary values and rely on 
some more subjective scoring and weighting systems to reflect decision makers' 
or interest groups' preferences. The Multi-criteria analysis technique was selected 
for this study as a scientific method to choose and evaluate OMW treatment 
options. The next section presents a brief review of this method. 
10.4.2 Advantages of Multi Criteria Analysis 
Multi Criteria Analysis (MCA) techniques can be applied to evaluate and choose 
optimal and applicable options in which separate options are evaluated against 
criteria or factors ranging from cost (a quantitative criterion) to aesthetics (a 
qualitative criterion) (Mimi, 1999). MCA can provide more flexibility than CBA, is 
more comprehensive in its coverage and can involve combinations of some 
criteria which are valued in monetary terms, and others for which monetary 
valuations do not exist (ODPM, 2003). It is of interest that a particularly useful 
manual for MCA techniques advocating their use is available from the web site of 
the UK Prime Minister's office. 
MCA has many advantages over informal judgement unsupported by analysis 
(ODPM, 2003 and Mimi, 1999): 
• It is open and explicit; 
• The choice of objectives and criteria that any decision making group may 
make are open to analysiS and to change if they are felt to be 
inappropriate; 
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• Scores and weights, when used, are also explicit and are developed 
according to established techniques. They can also be cross-referenced to 
other sources of information on relative values, and amended if necessary; 
• Performance measurement can be sub-contracted to experts, so it is not 
necessarily to be left in the hands of the decision making body itself; 
• It can provide an important means of communication, within the decision 
making body and sometimes, later, between that body and the wider 
community; and 
• Scores and weights are used, it provides an audit trail. 
10.4.3 Performance matrix 
A standard feature of Multi Criteria Analysis (MCA) is a performance matrix, or 
consequence table. Table 10.2 shows the basic layout of the MCA performance 
matrix, in which each row describes an option and each column describes the 
performance of the options against each criterion. The individual performance 
assessments are often numerical, but may also be expressed as 'bullet point' 
scores, or colour coding. In a basic form of MCA this performance matrix may be 
the final product of the analysis. 
Table 10 2· Performance Matrix . . 
Option 1 Option 2 Option3 Option n 
Criterion 1 . 
Criterion 2 
Criterion 3 
Criterion n 
Scoring and weighting 
MCA techniques commonly apply numerical analysis to a performance matrix in 
two stages: 
Weighting: numerical weights are assigned to define, for each criterion, the 
relative evaluations between the top and bottom of the chosen scale. 
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Each general category will be assigned a weight (often from 1 to 100) by each 
member of an advisory group, based on expert opinions (Le., past experience 
and data from literature) which can be obtained by distributing a questionnaire to 
each member of the advisory group. The average weight can then be obtained by 
calculation for each criterion. 
Scoring: the expected consequences of each option are assigned a numerical 
score on a strength of preference scale for each option and for each criterion. 
More preferred options score higher on the scale, and less preferred options 
score lower. Scales extending from 1 to 10 are often used (Mimi, 1999), where 1 
represents a real or hypothetical least preferred option, and 10 is associated with 
a real or hypothetical most preferred option. All options considered in the MeA 
would then fall between 1 and 10. The score is determined by the researcher, 
based on consideration of information, advice received, etc. 
After this qualitative ranking, an overall score will be determined for proposed 
options, by calculating the product of the options score for a given general 
criterion, multiply by the criterion weight, and then summing these products 
across all general planning criteria. Options with higher scores are ranked higher 
and considered more compatible with the planning criteria than those with lower 
scores. This can be illustrated using a very simple example below. Suppose two 
advisors were asked to give comments on one criterion, for two options. Note that 
the weightings are the same for a specific criterion. In this example, option 2 is 
preferable as it has the higher overall score. 
Option1 Weighting Score Overall score 
Advisor 1 25 
Advisor 2 30 
Average 27.5 4 110 
Option 2 Weighting Score Overall score 
Advisor 1 25 
Advisor 2 30 
Average 27.5 7 192.5 
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The next section of this chapter presents an application of the above technique 
for selection a suitable OMW treatment for Palestine. ! 
10.4.4 Comparison between the options 
As stated in chapter 2, the aim of the study is to establish an appropriate 
management system for treatment and disposal of OMW in Palestine. Screening 
and preselection of options for OMW treatment was carried out in chapter 7. 
According to certain criteria, distillation, incineration, membrane processes, 
coagulation-clarification and aerobic treatments were eliminated from further 
consideration, and anaerobic treatment, land treatment and evaporation ponds 
were the technologies proposed and recommended for final selection. 
To compare between options and to ensure that the selected technology is 
performing well under the local conditions, criteria such as treatment efficiency, . 
environmental aspect, costs, institutional attitudes and social aspects are 
identified. Information concerning the social and institutional aspects was 
collected from literature, through contacting members of an advisory group and 
through questionnaires distributed to olive mill owners. 
The analysis and evaluation of the selected options (three options) based on 
consideration of environmental, economic, social, technical and institutional 
factors are summarised and presented in this chapter (see accompanying text 
boxes). Detailed information can be found in previous chapters (chapters 7, 8 and 
9). 
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Option 1: Anaerobic digestion . 
! 
Principle 
Anaerobic digestion is a biological treatment in which the organic matter of the 
wastewater is degraded in the absence of molecular oxygen to methane and 
carbon dioxide by a variety of microorganisms, mainly bacteria. 
Environmental aspect: Positive impacts on the environment by a reduction 
of the polluting load. The release of polluting substances to soil and plants, 
sewerage collection systems and wadis can be prevented or reduced. 
Provides protection from pollution to available water resources and aquatic 
life. If the biogas produced is utilized, a positive effect on climate will be 
achieved by the recovery of an appreciable fraction of the chemical energy in 
the waste as methane. Digested sludge can be used as fertilizers. Negative 
impacts on nearby populations are possible due the release of odours and 
unattractive (dark coloured) effluent. 
Technical aspect: OMW cannot be treated by a single biological anaerobic 
treatment because of the complex characteristics of OMW wastewater and 
the presence of phenolic compounds. The seasonal production of OMW is not 
a major disadvantage for anaerobic treatment because the decay rates of 
methanogens are very slow and a digester can be easily restarted even after 
several months of shut down (Hamdi, 96). Energy requirements are less than 
1 kWhlm3 for electric energy. Very low land requirement. 
Social aspect: There should be no difficulty with social acceptability of the 
technology. According to the field survey, the olive mill owners prefer the 
centralized treatment (see above for possible negative impacts on the local 
population). 
Financial aspect: In comparison to land treatment and evaporation pond, 
anaerobic treatment is cheaper, unit cost per m3 of OMW is approximately 3.4 . 
US$. 
Institutional aspect: Institutional support is needed for training the operators 
to avoid possible operational problems. Continuous monitoring is required to 
ensure that the olive mill owners' transfer all the OMW produced in their mills 
to the centralized treatment unit. 
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Option 2: Evaporation ponds 
Principle 
Evaporation ponds aim to reduce the water content of OMW. With the use of 
large ponds or storage lakes, solar energy can be used to speed up the 
process of evaporation and drying of OMW stored during the milling period, 
and its water evaporates during the warm summer months. 
Environmental aspect: Proper lining of the ponds can prevent infiltration of 
. wastewater into the soil and groundwater The ponds cause negative 
environmental impacts on nearby areas due to the foul odours from the 
ponds, and nuisance from mosquitoes and flies that may breed in the ponds. 
Technical aspect: Simple construction, operation and maintenance. No 
~energy consumption. Satisfactory resistance to load variations. Low sludge 
production. The evaporation pond is efficient in Palestine (as a semi arid 
area), as warm climates accelerate treatment. Suitable for scattered olive 
mills, no need for transportation. Evaporation ponds need a large area of land 
in comparison to anaerobic treatment. The thin oily layer on the surface of the 
evaporation pond limits the evaporation rates. 
Social aspect: There should be no difficulty with acceptability of the 
technology by olive mill owners. According to the field survey, the olive mill 
owners could accept such treatment. Residents living close to the mills may 
object to the possible visual, odour and insect nuisances associated with 
evaporation ponds. 
Financial aspect: In comparison to land treatment, evaporation ponds are 
cheaper, unit cost per m3 of OMW is 3.49 US$. 
Institutional aspect: The operation and maintenance requirements are 
simple. The relevant authorities have the responsibility to monitor and 
supervise at the design and construction stages to ensure proper lining. In 
addition the responsible authority have to control the sludge disposal and for 
reuse. This technology agrees with the PWA policy that chosen wastewater 
processes should consume as little energy as possible. 
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Option 3: Land treatment 
Principle ! 
Land treatment is another option for OMW treatment. land treatment is the 
controlled direct irrigation of soil with OMW to achieve a designed degree of 
treatment through natural physical, chemical, and biological processes within 
the plant-soil-water matrix. 
Environmental aspect: The potential benefits of this method include 
groundwater recharge and soil fertilization conditioning. However, dozens of 
variables must be considered and assessed before using this method to 
protect our ecologicaVenvironmental system. land treatment may cause 
extensive pollution of the soil and transfer harmful chemical compounds such 
as phenolic compounds into other media, such as groundwater and surface 
waters (Fiorentino, 2003). 
Technical aspect: Simple construction, operation and maintenance. Good 
resistance to variations in load. This method combines treatment with final 
disposal. Ver high efficiency in BOO removal. Satisfactory efficiency in N & P 
removal. No energy consumption. The list of potential variables must take 
into account before deciding to build a land treatment system includes site 
evaluation, groundwater quality and the depth of water table, soil composition, 
soil permeability, storage requirements, total land requirements, climate, 
precipitation, topography, ground slope, hydraulic loading rates and best 
control management. 
Social aspect: Land treatment needs a large area of land, which may be a 
constraint to its acceptance by the olive mills owners. 
Financial aspect: Unless the land is owned by the mill owners, the unit cost 
per m3 of OMW is very high (16.6 US$/m3 of OMW) compared to the other 
two options 
Institutional aspect: 
The operation and maintenance requirements of land treatment system are 
simple. However, the authorities having responsibility (Ministries of 
environment, agriculture and industry) have to monitor and supervise the 
owner of the mills continuously to ensure that the system operates within its 
safe limits. Institutional support for the development of a long-term site 
monitoring programme is needed. 
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Members of an advisory group were asked to assign weightings to each of the 
criteria shown in Table 10.3. Table 10.3 also shows a summary of planning 
criteria and weights obtained from the advisory group that will be used for 
evaluating the options. The figures in bold are the totals for individual criteria 
within a subject group. The advisory group comprised 6 individuals who are 
involved in various aspects of industrial wastewater, planning management and 
research in the West Bank. Accordingly, the group includes a representative from 
each of the following: 
• Ministry of Environment 
• Hebron University 
• Ministry of Industry 
• Non-governmental organisation (GTZ) 
• Nablus Municipality 
• Palestinian Water Authority 
The members of the group all have a technical background so they have a wide 
knowledge of technical issues. They also have extensive local knowledge and 
experience, and understand local conditions and the priorities of the Palestinian 
people. Most of them involved in institution, economic, environment and social 
development projects specializing in water and wastewater in Palestine. The 
main activity of the group is to assign weighting (1 to 100) to each of the criteria 
for evaluating options of OMW treatment technologies to insure that the final 
selection is impartial and objectives 
Using the methodology presented in section 10.4.1, and the evaluated options 
(with respect to the planning criteria) presented in this chapter, a scale of - 4 to 4 
was used for quantitative ranking, with - 4 meaning inconsistent with the criterion, 
and 4 meaning entirely consistent with the criterion. These ran kings were 
multiplied by their respective criteria weights, and the resulting products were 
added to obtain a composite score for each option. These calculations are 
summarised in table 10.4, which shows that option 2 (evaporation ponds) is the 
option with the highest overall score. 
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Table 10.3: Summary of planning criteria and weights 
Criteria Weight (1-100) 
Technical feasibility 31.2 
• Efficiency in improving olive mill wastewater 4.2 
quality 
• Ability to treat the volume of OMW produced 4.8 
(capacity of treatment units), 
• Suitability under the given seasonal 5.4 
conditions. 
• Required area/space. 
• Suitability for different sizes of mills. 
• Nature of residues produced or released 
(Liquid or solid waste). 
• Energy dependence and energy consumption 
Environmental impacts 
• Impact on groundwater and surface water 
• Impact on soil 
• Impact on health 
• Impact on plants and trees 
• Impact on built environment 
Financial feasibility 
• Cost per unit of OMW treatment 
• Affordability (capital and operational costs) 
Social feasibility 
• Public acceptance 
• Willingness to pay 
Institutional feasibility 
• Availability and capacity of institutions to 
sustain the selected option 
• Reliability of institutions to sustain the 
selected option 
. 
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5.2 
3.0 
4.2 
4.4 
24.4 
6.8 
5.0 
7.4 
3.0 
2.2 
23.0 
12.8 
10.2 
9.2 
4.4 
4.8 
12.2 
7.2 
5.0 
.' 
Table 10.4: Performance matrix and comparison of options 
j 
. Options ranking 
Criteria Weights Option 1 Option 2 Option 3 
Anaerobic Evaporation Land 
treatment ponds treatment 
Technical 31.2% 
- Efficiency in improving olive mill wastewater 4.2 3 4 4 
quality 
- Ability to treat the volume of OMW 4.8 1 4 2 
produced (Capacity of treatment units) 
- Suitability under the given seasonal 5.4 1 2 ·1 
conditions 
- Required area/space 5.2 4 2 ·4 
- Suitability for different sizes of mills 3.0 4 2 4 
- Nature of residues produced or released 4.2 -2 3 4 
(Liquid or solid waste) 
- Energy dependence and energy 4.4 1 4 4 
consumption 
. 
Environmental 24.4% 
- Impact on groundwater and surface water 6.8 -1 ·2 -4 
- Impact on soil 5.0 -1 0 -4 
- Impact on health 7.4 -1 -2 0 
- Impact on plants and trees 3.0 -1 0 ·4 
- Impact on built environment 2.2 -2 -1 0 
Financial 23.0% 
- Cost per unit of OMW treatment 12.8 2 2 ·4 
- Affordability (operational cost) 10.2 1 3 4 
Social 9.2% 
- Public acceptance 4.4 4 2 ·4 
- Willingness to pay 4.8 -2 2 2 
. 
Institutional 12.2% 
- Availability and capacity of institutions to 7.2 2 2 ·2 
sustain the selected option 
- Reliability of institutions to sustain the 5.0 2 -1 ·2 
selected option 
Overall Score 93.2 146.8 -55.4 
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10.5 Conclusions 
An overall comparison of the three options is presented in table 1'0.4. As 
mentioned previously option 2 (evaporation ponds) has the highest score. From 
the data presented in the table (10.4), the following comments can be made: 
• The complex characteristics of OMW and the presence of phenolic 
compounds make treatment of OMW difficult. Treatment options that 
resulting on no liquid effluents is technically feasible (evaporation ponds 
and land treatment). Treating OMW by the single process of biological 
anaerobic treatment is technically difficult to achieve effluent quality within 
the permissible limits. In addition treatment options with no energy 
consumption (land treatment) or using natural energy (evaporation ponds) 
are preferable. However these options required more land area than 
anaerobic digestion which is relatively compact. 
• Evaporation ponds are environmentally preferable if ponds are constructed 
with proper lining and far away from residential area. Land treatment may 
cause extensive pollution of the soil, and transfer harmful chemical 
compounds such as phenolic compounds into other media, such as 
groundwater and surface waters. Many potential variables must be taken 
into account before deciding to build a land treatment system, therefore 
environmentally it is not a preferred option. Anaerobic digestion has 
positive impacts on the environment by reducing the polluting load. The 
release of polluting substances to soil and plants, into sewerage collection 
systems and wadis therefore can be reduced. As mentioned above, the 
high concentration of organic compounds and the phenolic compounds in 
OMW make it very difficult to achieve effluent quality within permissible 
limits by anaerobic treatment. Therefore disposing of effluent to the 
environment may have negative impacts on environment. 
• The unit cost of evaporation ponds and anaerobic digestion units are very 
similar, and very low in comparison to the unit cost for land treatment. 
Land treatment needs substantial investment for renting sufficient areas of 
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land for treating the OMW (approximately 120 Dunums for a typical mill). 
However if the olive mill owners own the land, this option (land treatment) 
will have the lowest unit price. Evaporation ponds and land treatment have 
lower operation and maintenance costs than anaerobic digestion. 
• According to the field survey, the olive mill owners prefer a centralized 
treatment system (anaerobic digestion). However, for a centralised 
treatment facility it is difficult to recover the operation and maintenance 
costs from the olive mill owners. 
• Options that are located on site are suitable for scattered mills, but support 
from institutions would be needed to sustain the selected on-site options. 
The relevant authorities have to monitor and supervise the owners of the 
mills continuously to ensure that the systems operate within safe and 
acceptable limits. Institutional support for the development of a long-term 
site monitoring programme is needed. Centralised treatment (anaerobic 
digestion) is institutionally preferable as it is easier to monitor and control 
than the on-site treatment. Institutional support is needed for training the 
operators of centralized treatment facilities to avoid possible operational 
problems. Conversely, continuous monitoring is required to ensure that the 
olive mill owners' transfer all the OMW produced in their mills to any 
centralized treatment units. 
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11 Conclusions and Recommendations 
This chapter containS the principal thoughts, ideas, and proposals that have 
been explicit or implicit in the preceding chapters. This chapter also provides 
a set of recommendations that are proposed as steps towards establishing an 
appropriate management system for handling and treatment of OMW in 
Palestine. Some of these recommendations could apply to many countries in 
the Mediterranean area, others, however, are unique to the local conditions 
and situation in Palestine. 
Chapters 3, 4, 5, 6, 7, 8 and 9 have considered specific technical and non-
technical aspects of OMW management. Each chapter has addressed an 
individual topic, all of which are of importance for introduction of a suitable 
OMW management policy. 
• Storage and composition of OMW is of importance so that the 
composition of OMW prior to treatment is known. This affects the 
effectiveness of most proposed treatment technologies. 
• A review of treatment options provides guidelines on selection of 
appropriate treatment technologies, taking into account the advantages 
and limitations of various individual options. 
• A social survey was carried out to identify the attitudes of the olive mill 
owners towards the present situation in OMW management, and 
towards development of a new management system. Social attitudes 
are important in order to achieve sustainability in any proposed 
management system for handling and disposal of OMW. 
• A review of institutional wastewater sector in Palestine, current 
legislation, and laws regarding olive mill wastewater is important to 
predict whether a proposed technical solution can be supported by the 
institutions, and whether the government is able to control the design, 
construction and operational efficiency of treatment facilities. 
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11.1 Review of project aims and methodology 
Discussion of the nature of the OMW problem, together with the aims and the 
objectives stated in chapter 2, provided a basis for the following hypotheses: 
• OMW characteristics and oxidation behaviours can be defined and 
reliably predicted. 
• A management plan for olive mill wastewater storage; treatment and 
disposal can be identified for implementation that is appropriate to the 
situation in Palestine and the environmental problems currently 
associated with OMW. 
From literature review, available publications indicate that researchers have 
not previously studied the factors which affect the oxidation and 
polymerisation of the simple phenolic compounds in OMW. No previous 
publication has attempted to propose a means of OMW handling and 
treatment considering the various technical and non-technical constraints and 
resources. 
For the first hypothesis this research has determined OMW characteristics 
and how different storage conditions affect these characteristics. This 
provides a better understanding of how characteristics and oxidation can be 
predicted for different storage conditions. 
For the second hypothesis the results of this research will assist wastewater 
managers to formulate a management framework for OMW storage and 
treatment, and initiate actions that are environmentally, socially, institutionally 
and economically sustainable. 
In carrying out of this research the methodology employed was as follows: 
• Extensive literature review was undertaken 
• Experimental works were carried out to understand the OMW 
characteristics and the oxidation behaviour of the phenolic compounds 
inOMW. 
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• Assessment of OMW treatment technologies was carried out. Multi 
criteria analysis technique was a tool used for evaluating the selected 
options. Evaluation criteria for the various technologies included, 
treatment efficiency, environmental aspects, costs, institutional 
attitudes and socio-cultural aspects. Some of these criteria are specific 
to local conditions. Information concerning the social and institutional 
aspects was collected from literature, through contacting an advisory 
group and through questionnaires distributed to olive mill owners. From 
the questionnaires and the advisory group, the researcher received 
relevant information about local conditions and the attitudes of the mill 
owners towards acceptance and cooperation in introducing a new 
management plan for handling and treating OMW. 
The proposed methodology proved to be satisfactory and its execution was 
followed as planned. The proposed objectives were largely achieved, as 
explained in the conclusions. The findings of the study could be applied in 
many countries in the Mediterranean Area. 
11.2 Main findings and conclusions 
11.2.1 Storage of OMW 
Based on several experiments carried out to understand the OMW 
characteristics and to determine the factors which affect the oxidation of OMW 
and subsequent polymerisation into complex non-biodegradable black 
compounds, it is concluded that: 
• During storage, soluble COD remains almost constant but 
sedimentation produces a reduction in total COD and TSS in the liquid 
fraction. The optimum removal can be achieved after two weeks 
storage, TSS was almost removed (> 99% removal) and total COD was 
removed by 55%. The decrease in total COD during storage is believed 
to be associated with physical changes principally sedimentation. COD 
is likely to consist of two components, one associated with TSS, and 
one that is associated with the liquid fraction. 
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.• Under static conditions (no disturbance) OMW does not oxidise 
significantly, probably because of the formation of an oily surface layer 
that inhibits transfer of oxygen and prevents evaporation. 
• When OMW is agitated in contact with air, oxidation rates increase and 
the OMW turns a dark colour, at rates that depend on the pH. Agitation 
prevents the formation of the oily surface layer and encourages mixing, 
transfer of oxygen into the bulk of the liquid and evaporation. The 
enzyme tyrosinase, found in OMW, accelerates the oxidation process 
in the presence of oxygen. However, continued oxidation will produce 
polymeric materials (polyphenols) which are very complex with high 
molecular weight, have black colour and have high COD concentration. 
The reason for this increase in COD concentration was probably due to 
evaporation of water from the OMW in the agitated samples. 
Polymerisation of the oxidized compounds into complex compounds 
having an intensive black colour was enhanced as evaporation 
produced more concentrated solutions. 
• The rate of oxidation and polymerisation of OMW is higher at high pH 
(more than 6) than at low pH. It can be concluded that oxidation of the 
phenolic compounds found on OMW is accelerated at high pH. 
• Hydroxytyrosol was the most abundant simple compound present in 
the tested samples, as the average concentration of this compound 
from the total simple phenolic compounds concentration was 
approximately 80%. 
• The relationship between the colour change (darkening) of olive mill 
wastewater, and the oxidation and subsequent polymerisation of the 
phenolic compound present OMW was clarified using GFC/HPLC tests. 
The colour change of OMW is an indication that oxidation of OMW has 
started, as the polyphenolic compounds resulting from the oxidation of 
the simple phenolic compounds have a dark colour and high 
absorption. 
186 
11.2.2 Initial assessment of OMW treatment options 
An initial assessment of appropriate and suitable treatment methods forOMW 
in Palestine was carried out taking into account the investment and operation 
costs, simplicity and previous experience. This initial assessment showed that 
evaporation ponds, land treatment and anaerobic treatment achieve the 
requirements such as simplicity of operation and construction, low operation 
. and investment costs and have been operated on a wide scale in many 
Mediterranean Countries. These options were therefore selected for further 
evaluation. 
11.2.3 Social survey 
From the information collected concerning the social and institutional aspects 
through contacting an advisory group and through questionnaires distributed 
to olive mill owners it is concluded that: 
• Random disposal of untreated OMW to wadis, the area surrounding 
olive mills, and its direct disposal to the sewerage network are common 
practices in the West Bank. 
• It is clear that olive mill owners have different levels of knowledge 
about the polluting potential of OMW. Those who are aware that OMW 
causes pollution are not aware of the full extent of the harmful effects 
of OMW on the environment. 
• The olive mill owners believe that the existing situation is not 
satisfactory, and most of them show positive attitudes towards 
developing a new and improved management system for OMW. They 
are willing to cooperate either by cost sharing (17%), by implementing 
the proposed management and system treatment (41%), or by 
encouraging other mill owners to cooperate (52%). 
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11.2.4 Institutional contexts 
From a review of the institutional wastewater sector in Palestine, current 
legislation, and laws regarding olive mill wastewater, it was discovered that 
many Palestinian institutions pay attention to the environmental impacts of 
OMW and have developed certain laws and regulations to protect the 
environment. In addition there is good co-operation and communication 
between different institutions concerned with environmental issues. Therefore, 
it is predicted that the proposed technology for OMW treatment in Palestine 
can be supported by the existing institutions and the appropriate legislation. 
11.2.5 Suitable OMW treatment technology for Palestine 
From the overall comparison of the three options for OMW treatment 
technologies (Anaerobic treatment, Evaporation ponds, and Land treatment) 
using MCA tool and taking into account certain criteria such as treatment 
efficiency, environmental aspects, costs, institutional attitudes and socio-
cultural aspects, it is concluded that Evaporation ponds is the option that 
achieves the highest overall score followed by the anaerobic treatment option. 
Evaporation ponds achieve the highest overall score when MCA is applied, 
but conclusions can be also be drawn for each of the individual planning and 
selection criteria. Comparing the three treatment options by looking into each 
criterion individually, it is concluded that: 
1) Technically: 
• The complex characteristics of OMW and the presence of phenolic 
compounds make treatment of OMW difficult. Treatment options that 
result in no liquid effluents are technically feasible (for example, 
evaporation ponds and land treatment). Treating OMW by the single 
process of biological anaerobic treatment to achieve effluent quality 
within the permissible limits is technically difficult. 
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• Treatment options with no energy consumption (land treatment) or 
using natural energy (evaporation ponds) are preferable. However 
these options require more land area than anaerobic digestion which is 
relatively compact. 
3) Environmentally 
• Evaporation. ponds are environmentally preferable if ponds are 
constructed with a sealed impermeable lining and far away from 
residential areas. 
• Land treatment may cause extensive pollution of the soil, and transfer 
harmful chemical compounds such as phenolic compounds into other 
media, such as groundwater and surface waters. Many potential 
variables must be taken into account before deciding to build a land 
treatment system, therefore environmentally it is not a preferred option. 
• Anaerobic digestion has positive impacts on the environment by 
reducing the polluting load. The release of polluting substances to soil 
and plants, into sewerage collection systems and Wadis therefore can 
be reduced. As mentioned above, the high concentration of organic 
compounds and the phenolic compounds in OMW make it very difficult 
to achieve effluent quality within permissible limits by anaerobic 
treatment. Therefore disposing of effluent to the environment following 
anaerobic treatment may have negative impacts on environment. 
4) Financially 
• The unit costs for evaporation ponds and anaerobic digestion units are 
very similar, and are very low in comparison to the unit cost for land 
treatment. Land treatment needs substantial investment for allocating 
sufficient areas of land to treat the OMW (approximately 120 Dunums 
for a typical mill). Evaporation ponds and land treatment have lower 
operation and maintenance costs than anaerobic digestion. 
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5) Socially 
• According to the field survey, the olive mill owners prefer a centralized 
treatment system (anaerobic digestion). However, for a centralised 
treatment facility it is difficult to recover the operation and maintenance 
costs from the olive mill owners. 
6) Institutionally 
• On-site treatment options are more suitable for scattered mills, but 
intensive support from institutions would be needed to sustain the 
selected on-site options. The relevant authorities have to monitor and 
supervise the owners of the mills continuously to ensure that the 
systems operate within safe and acceptable limits. Institutional support 
for the development of a long-term site-monitoring programme is 
needed. Centralised treatment (anaerobic digestion) is institutionally 
preferable as it is easier to monitor and control than the on-site 
treatment. Institutional support is needed for training the operators of 
centralized treatment facilities to minimise possible operational 
problems. Conversely, continuous monitoring is required to ensure that 
the olive mill owners transfer all the OMW to any centralized treatment 
units. 
11.3 Recommendations 
This research is a first step towards establishing a sustainable olive mill 
wastewater management system in Palestine. Many further technical, social, 
institutional and academic steps are required in the short and medium terms 
to ensure the sustainability of the system. The author recommends the 
following points as required steps towards achievement of proper olive mill 
wastewater management: 
11.3.1 Social recommendations 
• Olive mill owners need more information about OMW characteristics, 
and the impacts of disposing of OMW into the environment (such as 
the effects on soil, plants, sewerage networks, groundwater). 
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• Efforts are needed to make the olive mill owners better understand the 
environmental implications of current handling and disposal practices. 
• An awareness-raising programme needs to be arranged and 
implemented to motivate the olive-mill owners to look at improving the 
current situation, and to co-operate in any possible new management 
system. 
These three programmes can be run through the Ministry of Industry (Mol) in 
cooperation with the Environmental Quality Authority (EQA) and the Ministry 
of Health (MoH). Brochures and leaflets have to be produced and 
disseminated among the Palestinian olive mill owners 
A training programme regarding design, operation and management of OMW 
treatment plants has to be delivered to the olive mills owners. Such training 
can be carried out using local human resources through institutions and local 
universities, and strengthened by international experience. 
11.3.2 Institutional structure 
The current management of OMW has many difficulties, and management 
and monitoring responsibilities are vague. Based on that, the following points 
are recommended as future procedures for getting approval for construction 
of new olive mills and conducting an environmental monitoring programme: 
1) Treatment and disposal of olive mill waste should require approval from the 
relevant institutions in Palestine. Olive mill owners should submit an 
application for constructing any new mill to the EQA for environmental 
approval. After environmental approval has been granted, the applicant has to 
get permission or a licence from the Ministry of Industry to implement the 
project according to their requirements. Permission for disposing of treated 
olive mill wastewater into a sewage system or water body should require 
approval from the PWA in collaboration with the MoH. 
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2) It is proposed that the Mol would have responsibility for supervision of the 
technical, financial and operational issues of Olive Mill treatment facilities, 
especially for compliance with the conditions and requirements that have 
been issued. Mol should check the compliance of OMW with the physical and 
chemical standards for wastewater disposal, either at the disposal site or the 
storage place. EOA would be responsible for the supervision of the 
environmental issues associated with Olive Mill Waste. The MoH would be 
responsible for the supervision of health impacts associated with OMW 
disposal. 
3) A comprehensive monitoring programme implemented by the EOA is 
required to ensure that proper treatment and disposal of OMW is achieved, 
and environmental degradation is minimised. Minimising adverse health 
impacts on concerned parties and, at the same time, increasing industrial 
production in a sustainable manner while protecting the environment are the 
main objectives of monitoring. 
11.3.3 Implications for future research 
The current research has not covered all design and operational aspects of 
evaporation ponds. It is recommended that an evaporation pond be 
constructed by Mol, together with the EOA, as a pilot plant for treating olive 
mill wastewater. This can be used as a demonstration plant for the olive mill 
owners. The following technical points are recommended for this pond: 
1. Pond depth to be 1.0 m (RAC/CP, 2000). 
2. Use impermeable plastic material for lining the ponds. 
3. Perimeter fenCing should be provided for security reasons. 
Palestinian academic institutions should follow up the research through 
monitoring the efficiency of this proposed pilot project and to develop 
techniques to optimise evaporation rates. 
192 
References 
! 
• Aliotta, G., Fiorentino, A. i Oliva, A. and Temussi, F. (2002), "Olive oil mill 
wastewater: Isolation of polyphenols and their phytotoxicity in vitro", 
Allelopathy J. Vol 9, pp 9-17. 
• AI-Malah, K., Azzam, M. and Abu-Lail, N. (2000), "Olive mills effluent 
(OME) wastewater post-treatment using activated clay", Separation and 
Purification Technology, Vo120, Issues 2-3, pp 225-234. 
• Alwazir, A. (2002), "Uprooting olive trees in Palestine", http://www. 
american.edu/ed/ice/olive-tree.htlm (29th August 2003). 
• Angelidaki, I. and Ahring, B.K. (1996), "Codigestion of olive mill 
wastewaters together with manure, household waste or sewage sludge". 
Unpublished report, Department of Environmental Science and 
Technology, the Technical University of Denmark, Denmark. 
• Angelidaki, I., Ellegaard, L. and Ahring, B.K. (1997), "Modelling 
anaerobic codigestion of manure with olive oil mill effluent", 
Water.Sci.Tech. Vo136, No 6-7, pp 262-270. 
• Annesini, M.C. (1983), "Treatment of olive oil wastes by distillation". 
Effluent & Water Treatment J., Vol 34. 
• ANSCI (2000), "Plants, Pests, and Predators, The Ecological Role of 
Phenolics", Animal Science, Cornell University, http://www.ansci.comell. 
edu/courses/as625/2000term/phenolic/phenolic.html#structure, (28th May 
2003). 
• Arienzo, M. and Capasso, R. (2000), "Analysis of metal cations and 
inorganic anions in olive oil mill wastewaters by atomic absorption 
spectroscopy and ion chromatography. Detection of metals bound to the 
organic polymeric fraction". J. Agric. Food Chem, Vo148, pp 1405-1410. 
193 
• ARIJ (1997), "The status of the Environment in the West Bank", Applied 
Research Institute of Jerusalem, Bethlehem, Palestine. ,I 
• ASRG (2003), "High Performance Liquid Chromatography, A user 
Guide", Analytical Spectroscopy Research Group, http://www.pharm. 
uky.edu/ASRG/HPLC/hplcmytry.htlm (11 th September 2003). 
• Assas, N., Marouani, L. and Hamdi, M. (2000), "Scale down and 
optimisation of olive mill wastewater decolorization by Geotrichum 
candidum", Bioprocess Engineer, Vo122, pp 503-507. 
• Assas, N., Ayed, L., Marouani, L. and Hamdi, M. (2002), "Decolourisation 
of fresh and stored-black olive mill wastewaters by Geotrichum", Process 
Biochemistry, Vol38 (3), pp 361-365. 
• ATSDR (1999), "Introduction about phenol, effect on environment and 
health", Agency for Toxic Substances and Disease Registry, 
http://www.atsdr.cdc.gov/tfacts115.html. (28th May 2003). 
• Beaulieu, J.C and Gomy, J.R. (2003), "Fresh-cut Fruits", http://www.ba. 
ars.usda.gov/hb66/section6.doc (28th May 2003). 
• Benitez, F.J., Acero, J.L., Gonzalez, T. and Garcia, J. (2001), "Organic 
matter removal from wastewaters of the black olive industry by chemical 
and biological procedures", Process Biochemistry, Vol 37, Issue 3, pp 
257-265. 
• Boari, G., Brunetti, A., Passino, R. and Rozzi, A. (1984), "Anaerobic 
digestion of olive oil mill wastewater", Agricultural Wastes, Vol 10 pp 161-
175. 
• Cabrera, F., Lopez, R., Martinez-Bordiu, A., Dupuy De Lome, E. and 
Murilio, J.M. (1996), "Land treatment of olive oil mill wastewater", 
Biodeterioration and Biodegradation, pp 215-225. 
194 
• CARES (1994), "Cost-Benefit Analysis of Pollution Practices at the 
Brunswick River Terminal", Centre for Agricultural, Resource and 
Environmental Systems, hftp://www.cares.missouri.edu/projects/complet 
ed/CB.html (22nd September 2003). 
• Casa, R., O'annibale, A., Pieruccetti, F., Stazi, S.R., Giovannozzi, G. and 
Cascio, B. (2003), "Reduction of the phenolic components in olive-mill 
wastewater by an enzymatic treatment and its impact on durum wheat 
(Triticum durum Oesf.) germinability", Chemosphere, vol 50, issue 8, pp 
959-966. 
• Chemical oxidation (2001), "Chemical Oxidation Lecture", lecture notes, 
http://www-ec.njitlhsiehiene670/chemoxid.html(26th June, .2001). 
• Cheynier, V. and Fulcrand, H. (2003), chapter 13 "Analysis of polymeric 
proanthocyanidins and complex polyphenols" in Santos Buelga and 
Williamson (Eds. 2003), "Methods in polyphenol analysis", Royal Society 
of Chemistry, Cambridge, UK. 
• Chromatography (2003), "HPLC", http://www.sci.tamucc.edu/pals/spring 
021chromatography (12th September 2003). 
• CITET (2003), "Biological treatment pilot plant for liquid waste generated 
by olive mill manufacturing process", Centre International des 
Technologies de l'Environment de Tunis, http://www.citet.nat.tn/English/ 
transfer/station.htm (6th October 2003). 
• Crites, R. and Tchobanoglous, G. (1998), "Small and decentralized 
wastewater management systems". McGraw-Hill, Singapore. 
• Oekker (2003), "Odour control in Evaporation Ponds Treating Olive Mill 
Wastewater Through the Use of Ca(OH)2", http://www.dekker.com/ 
servletl product /001/101081 ESE12002445/ section / intod_O.htm, (6th 
October 2003). 
195 
• Della Greca, M., Fiorentino, A., Monaco, P., Previtera, L. and Temussi, 
F. (2000), "Phenolic components of olive mill wastewaters", Nati Prod. 
Lett., Vol 14, pp 429-434. 
• EPA (1995), "Hazardous Substance Fact Sheet Phenol New Jersey 
Department of Health and Senior Services", United States Environmental 
Protection Agency, Integrated Risk Information System, http://www.epa. 
gov/iris/subst/0088.htm (28th May 2003) 
• Espin, J.C., Soler-Rivas, C., Cantos, E., Tomas-Barberan, F. and 
Wichers, H.J. (2001), "Synthesis of the Antioxidant Hydroxylyrosol Using 
Tyrosinase as Biocatalyst", J.Agric. Food Chem., vol. 49, pp 11187-1193. 
• ESRS (1997), "Global Environment Change Programme, Making 
Environment Decisions: Cost-Benefit Analysis, Contingent Valuation and 
Alternatives", Environmental Studies Research Services, http://www. 
sussex.ac.uklunits/pubs/reps/gralconf.htm (22nd September 2003). 
• FAOSTAT database (2003), http://www.apps.fao.orglpage/collection? 
Subset = agriculture, (15th April 2003). 
• Fiestas Ros Ursinos, J.A. (1986), "Vegetation water used as a fertilizer", 
International Symposium on Olive By-Products Valorization. FAO/UNDP, 
Sevilla (Seville), Spain, pp 11-15. 
• Filik, L. and Ozyilkan, O. (2003), "Olive-oil consumption and cancer risk", 
European Journal of Clinical Nutrition, Vo157, pp 191-191. 
• Fink, R.G. (2003), 'Wastewater Evaporation 101", http://www.rgf.com/ 
wastewatecevaporation_101_by_ro.htm (2nd September 2003). 
• Fiorentino, A., Gentili, A., Isidori, M., Monaco, P., Nardelli, A., Parrella, 
A. and Temussi, F. (2003) , "Environmental Effects Caused by olive mill 
Wastewaters: Toxicity Comparison of Low-Molecular-Weight Phenol 
Components" ,J. Agric. Food Chem., Vol51 (4), pp 1005 -1009. 
196 
• Flouri, F., Sotirchos, D., loannidou, S. and Balis, C. (1996), 
"Decolourisation of olive oil mill liquid waste by chemical and biological 
means", International Biodeterioration & Biodegradation, pp 189-192. 
• Garcia, E and Barre!!, D. (2003), "Preservation treatment for fresh cut 
fruits and vegetables", Department of food science and technology, 
University of California, http://rics.ucdavis.edu/postharvest2/Pubs/ 
FinaIChapterIX-Technomic-Garcia.pdf (2nd September 2003). 
• Gernjak, W., Krutzler, T., Glaser, A., Malato, S.,Caceres, J., Bauer, R. 
and Fernandez-Alba, A. R. (2003), "Photo-Fenton treatment of water 
containipg natural phenolic pollutants", Chemosphere, Vol 50, Issue 1, 
, 
pp 71-78. 
• Gaff, D. (2003), "Membrane processing", Dairy Science and Technology 
Education, University of Guelph, Canada, http://www.foodscLuoguelph. 
caldairyedu!home.html. (4th September 2003). 
• Gonzalez, L., Bellido, E. and Benitez, C. (1994), "Reduction of total 
polyphenol in olive mill wastewater by physical-chemical purification", 
J.Environ. ScL Health, A, Vol29 (5), pp 851-865. 
• Gredio, G., Toscano, G., Cioffi, M., Gianfreda, L. and Sannino, F (1999), 
"Dephenolisation of olive mill wastewater by olive husk", Water. Res., Vol 
33, No 13, pp 3046-3050. 
• Hamdi, M. (1996), "Anaerobic digestion of olive mill wastewaters", 
Process Biochemistry, Vol 31, No 2, pp 105 -110. 
• Hamdi, M. (1992), "Toxicity and biodegradability of olive mill wastewaters 
in batch anaerobic digestion". Appl. Biochem. Biotechno/. Vol 37, pp 155-
163. 
• Hamdi, M. (1993), "Toxicity and biodegradability of olive mill wastewaters 
in batch anaerobic digestion". Bioprocess Engineering, Vol 79, No 8. 
197 
• Kazakevich, Y. and McNair, H.M. (2000), "Chapter 1, Instrumentation, 
HPLC system", http://hplc.chem.shu.edu (11 th September 2003). i 
• Knupp, G., Rucker, G., Ramous-Cormenzana, A., Garrido Hoyous, S., 
Neugebauer, M. and Ossenkop, T., "Problems of identifying phenolic 
compounds during the microbial degradation of olive mill wastewater", 
International Biodeterioration & Biodegradation (1996), pp 277-282. 
• Laballiance (2003), "Introduction to HPLC", htttp:llwww.laballiance.coml 
la_info (11 th September 2003). 
• LENNTECH (2003), "What is Reverse Osmosis", http://www.lenntech. 
com/whatisro.htni (5th September 2003). 
• Lesage-Meessen, L., Navarro, D., Maunier, S., Sigoillot, J.C., Lorquin, J., 
Delattre, D., Simon, J.L., Asther, M. and Labat, M. (2001), "Simple 
. phenolic content in olive oil residues as a function of extraction systems", 
Food ChemL, Vo175, Issue 4, Pages 501-507. 
• Levin, S. (2002), "High Performance Liquid Chromatography (HPLC), 
on-line course, Forum Scientific Education", http://wwwJorumscLco.iI 
IHPLCI topics.htlm (11 th September 2003). 
• Lopez, R. (1992), "Land treatment of liquid wastes from the olive oil 
industry", Fresenius Envir. Bull., Vo11, pp 129-134. 
• Maestro Duran, R. (1989), "Relationship between the composition and 
ripening of the olive and quality of the oil", Acta Horticulturre 286, 
Proceedings of the International Symposium on Olive Growing, 
Universidad Aut6noma de Cordoba, Spain. 
• Martella, T., Mclntosh, I., Mclntosh, S., Moir, P., Prout, A., Rowe, I., 
Taylor, D., Wheatley, P. and Wildy, I. (2000), 'Western Australian olive 
study tour of Spain and Italy report", http://www.agric.wa.gov.au/ 
programs/hort olives/waste.htm (28th May.2003). 
198 
- - ---------------------------------------------------------
• MEA (1999), "Palestinian Environmental Strategy", the Ministry of 
Environmental Affairs, MEA, Ramallah, Palestine. .I 
• Mendia, L., Carbone, P., Antonio, G.d. and Mendia, M. (1968), 
"Treatment of olive oil wastewater", Water Science, Vo118, pp 125-136. 
• Mimi, Z. (1999), 'Water resources and water demand management for 
Arid and semi-arid areas: West Bank as a case study", Doctoral Thesis, 
Loughborough University, U.K 
• Molina, E. and Nefzaoui, A. (1996), "Recycling of olive oil by-products: 
Possibilities of utilization in Animal Nutrition", International 
Biodeterioration & Biodegradation, pp 227-235. 
• MOPIG (1999), "Landscape assessment of the West Bank governorate". 
Emergency natural resources protection plan, second edition. The 
Ministry of Planning and International Cooperation, MOPIC, Ramallah, 
Palestine. 
• MOPIC (1998), "The regional plan for the West Bank. DURP", the 
Ministry of Planning and International Cooperation, MOPIC, Ramallah, 
West Bank, Palestine. 
• NAIAS (2002) "Innovative olive mill wastewater management system", 
http://www.aegean.gr/environmentledalnaias/waste.htm#treatment, (28th 
May 2003). 
• Nichols, P. "Social Survey Methods", 1991, Oxfam, Oxford, UK. 
• OD PM (2001), "Multi criteria analysis: A Manual", Office of the Deputy 
Prime Minster. Delivering thriving, inclusive and sustainable communities 
in all regions. www.odpm.gov.uklstellentlgroups!odpm3bout-60S524-
03.hcsp (Sth October .2003). 
• OEHHA (2003), "Phenol Chronic Toxicity Summary", http://Oehha 
cagov/air/chronic_rels/pdf/108952.pdf (6th September 2003). 
199 
• O'Leary, D. (2000), "Phenol and phenol properties", http://www.ucc.ie/u 
cc/depts/chernldolchernlhtml/comp/phenol.html (June 15th, 2003). ! 
• PNA (1999), "Palestinian Environmental Protection Law No.7/1999" . 
. Palestinian National Authority, PNA, Palestine. 
• PNA (2003), "Palestinian National Authority", http:// www.pna.org (23'd 
September .2003). 
• PNA (2002), 'Water Law No.3/2002". Palestinian National Authority, 
PNA, Palestine. 
• Project Improlive (2000), "Improvement of the treatment and validation of 
the liquid-solid waste from the two-phase olive oil extraction", final report, 
European Union CT96-1420 FAIR program, Germany. 
• RAC/CP (2000), "Pollution prevention in olive oil production", Regional 
Activity Centre for Cleamess Production, Mediterranean action plan, 
study published on November 2000, Spain. 
• RICE (1996), "Antioxidant and Free radicals", http://www.rice.edu/ 
ienky/ sports/antiox.html (21 5t of October 2003). 
• Rozzi, A. and Malpei, F. (1996), "Treatment and Disposal of olive mill 
effluents", Intemational Biodeterioration & Biodegradation, pp 135-144. 
• SEMIDE (2002), "Palestinian Water Authority - Wastewater policies", 
Systeme Euro-Mediterraneen d'lnformation sur les savoir-faire dans le 
Domaine de l'Eau, http://www.semide-ps.org/documentation.htm (23'd 
September 2003). 
• Shamim, Ara. (2003), "Consultant-CPP", http://www.cpp.org.pklarticles/ 
textile_wastewateUreatment.html (4th September 2003). 
• Sierra, J., Marti, E., Montserrat, G., Cruanas, R. and Garau, M.A. (2001), 
"Characterisation and evolution of a soil affected by olive oil mill 
wastewater disposal", The science of the Total Environment, Vol 279, 
Issues 1-3, pp 207-214. 
200 
• Skerratt, G. and Ammar, E. (1999), "The application of Reedbed 
Treatment Technology to the Treatment of Effluents from Olive Oil Mills", 
Final Report, Staffordshire University, UK. 
• Smith, R.M (2004), Professor of Analytical Chemistry, Department of 
Chemistry Loughborough University, UK , (personal communication). 
• Subuh, Y. (2000), "Anaerobic treatment of olive mills wastewater using 
up-flow anaerobic sludge blanket (UASB) reactor", Masters thesis, Najah 
University, Nablus Palestine. 
• SWEMP-program (1999), "Feasibility study for investments in selected 
environmental hot spots", Final report 1999, chapter W5, Olive mills in 
the West Bank pp 4 - 22. Environmental Quality Authority, West Bank, 
Palestine. 
• Thams M.T (2003), "Distillation an introduction", http://www.lorien.ncl. 
ac.ukl ming/distil/distilO.htm (4th September 2003). 
• Thomson, R.H. (1964), "Biochemistry of phenolic compounds", Chapter 
1, Academic Press. London and New York. 
• Tsioulpas, A., Dimonu, D., Iconomou, D. and Agglelis, G. (2002), 
"Phenolic removal in olive oil mill wastewater by strains of pleurotuss 
spp. in respect to their phenol oxidase (Laccase) activity", Bioresource 
Technology, Vo184, Issue 3, pp 251-257. 
• Tuck, K.L. and Hayball, P.J. (2002), "Major phenolic compounds in olive 
oil: metabolism and health effects". J. Nut Biochem, Vol 13 (11), pp 636-
644. 
• Turano, E., Curcio, F., Paola, M., Calabro, V. and lorio, G. (2002), "An 
integrated centrifugation-ultrafiltration system in the treatment of olive 
mill wastewater", Journal of Membrane Science, volume 209, Issue 2, pp 
519-531. 
201 
------------------------------------------------------------------~ 
• Vossen, P. (1997), "Spanish olive oil production", technical report on the 
olive oil production tour carried out between 28th November and 8th 
December 1997, Spain. http://.cesonoma.ucdavis.edu/HORTIC/spain_ 
olive.pdf (2nd February 2004). 
• Winpenny, J.T. (1991), "Values for the Environment, A Guide to 
Economic Appraisal", HMSO publisher, London, UK. 
• Yesilada, O. and Sam, M. (1998), "Toxic effects of biodegraded and 
detoxified olive oil mill wastewater on the growth of Pseudomonas 
aeruginosa". Toxicol. Environ. Chem. Vo165, pp 87-94. 
• Zervakis, G., Yiatras, P. and Balis, C. (1996), "Edible mushrooms from 
olive oil mill wastes", Intemational Biodeterioration & Biodegradation, pp 
237-243. 
• Zouari, N. (1998), "Decolourisation of olive oil mill effluents by physical 
and chemical treatment prior to anaerobic digestion", J.Chem.Technol. 
Biotechnol. , Vol 73, pp 297-303. 
202 
-----------------------------------------------------1 
AnnexA 
Experiment I 
.I 
I 
I 
I 
I 
I 
COD Test 
*: Not possible to take sample 
A.I 
pH test 
·::;!!~;r,p,fI·.variation·at:leve.r25;'cm:durlHgJpi.lr;mohths!;$fQfigepf:theidMWiinJtle~coli.lr1inS~ji::'i!::n~;i 
Storage Days 
1 7 15 22 29 36 43 60 90· 120· 
Column 1 5.00 4.90 4.80 4.80 4.79 4.80 4.46 4.70 
Column 2 5.00 4.90 4.80 4.65 4.71 4.65 4.57 4.52 
Column 3 5.00 5.01 5.08 4.93 5.01 5.02 5.00 4.94 
Column 4 5.00 5.00 5.02 5.03 5.03 4.90 4.92 4.91 
1··;;\\~tpl"l!variatibniat.level.i75'ciniClLirin!:(f9Ur4im9rithsst6fage;QfilhEi'OMW.:ii:\\thEt(colilm'!1srr.'i.' 
Storage Days . 
1 7 15 22 29 36 43 60 90· 120· 
Column 1 5.00 4.90 4.80 4.80 4.79 4.80 4.46 4.70 
Column 2 5.00 4.90 4.80 4.65 4.71 4.65 4.57 4.52 
Column 3 5.00 5.00 5.08 4.93 5.01 5.02 5.00 4.94 . 
Column 4 5.00 5.00 4.97 5.02 5.03 4.90 4.92 4.91 
*: Not possible to take sample 
A.2 
TSS test 
*. Not possible to take sample 
A.3 
Colour Test 
1 7 15 22 29 36 43 60 90' 120' 
Column 1 0.29 0.28 0.26 0.26 0.23 0.23 0.23 0.21 
Column 2 0.29 0.28 0.26 0.26 0.22 0.22 0.22 0.21 
Column 3 0.29 0.31 0.32 0.33 0.28 0.26 0.25 0.22 
Column 4 0.29 0.33 0.34 0.30 0.24 0.24 0.24 0.21 
*: Not possible to take sample 
A.4 
! 
Annex B 
I 
, 
Experiment 11 
pH Test 
24 
4.70 
4.96 4.88 4.86 4.80 4.78 4.63 4.49 4.42 4.36 4.38 4.30 
Soluble COD in mgo~ /I 
78500 
71800 76800 80700 76800 75200 74200 80300 76109 
B.I 
Total COD in mg02l! 
86200 85000 81500 82600 85500 81900 
83800 87000 83700 85700 85900 83800 86570 78500 81600 85700 
83100 82700 85300 84700 81700 77700 83600 90500 84600 77000 82100 
Colour absorbance at wavelength of 390 nm 
13 
204 209 192 172 204 166 169 
204 197 198 189 196 199 199 187 201 199 203 206 
204 187 1 62 164 145 153 157 146 
", 
B,2 
! 
Annex C 
Experiment III 
Experiment J11/1 
Soluble COD in mgo2/1 
157700 
. 151700 
67000 60300 66300 
67000 45800 59300 
Colour absorbance at wavelength of 390 nm 
20 25 105 
20 22 29 63 
20 
20 21 21 21 
Experiment 111/2 
Colour absorbance at wavelength of 390 nm 
17 16 
18 
19 
26 
17 
22 
35 
C.l 
16 
24 
22 
40 
Annex F 
Questionnaire for 
Olive Mill Owners 
/ 
Questionnaire for Olive Mill Owners 
! 
1. Governorate ............. Name of Mill. .............. Name of Mill owner .......... . 
2. Type of the olive oil extraction method 
1. Traditional 2 Centrifuge 
3. Daily capacity of mill ................ Tonnes olive/day 
4. Are the olives processed in the mill belonging to 
1. you? 
2. other farmers? 
3.1 and 2? 
4. others? 
5. Daily production of OMW .............. tonne /day. 
6. Working days per year ............... days 
7. Do you have a reservoir inside the mill for storing OMW? 
1. Yes. 2. No 
8. If you have a storage reservoir, what is capacity ............. m 
9 How often do you empty the storage tank or reservoir? 
1. Daily 2. every 2-4 days. 3. More than 4 days 
10. How do you dispose of the OMW? 
1. direct to surrounding areas 
2. to the sewerage network 
3. to sewage treatment plant 
4. to cesspit 
3 
5. Others ................................................................................... . 
F.l 
11 . How far is the disposal pOint from the mill 
/ 
1. Less than 1 km. 2. from 1-3 km. 4. More than 3 km 
12. How is the OMW transported to the disposal point? 
1. Vacuum trucks. 2. Pipe lines. 3. Others (specify) 
13. How much does it cost per trip of for discharge .............. NIS 1m3 
14. Do you think olive mill waste polluting the environment? 
1. Very much. 2. Much. 3. Do not know. 4. No. 5. Strongly no. 
15. Do you know the disadvantages of disposing untreated OMW to the 
environment? 
1. Yes 2. No 
If yes, what are the main disadvantages? 
16. Do you think olive mill waste has to be treated before disposal? 
1. Strongly yes. 2. Yes. 3. Do not know. 4. No. 5. Strongly no. 
17. What prevent you from dOing more to minimize pollution of the 
environment from OMW? 
1 . I do not know what to do 
2. I know that treatment is necessary but I do not have the money to do it 
3. I do not care. 
4; I think it is the responsibility of others to do the job. 
18. Do you think that a new management system for OMW is required to 
protect the environment? 
F.2 
1.Yes 2. No 
! 
19. If yes, would you be willing to cooperate in this new system? 
Yes No. 
If yes, I can cooperate through 
1. Sharing in cost 
2. Applying the proposed system 
3. Encouraging other olive mill owners to cooperate 
4. Other 
If not, what are your reasons for not co-operating (give one or more answers) 
1. Cost 
2. Not necessary 
3. Others (specify) 
20. Who do you think has to pay for treatment? 
1. farmers 
2. mill owner 
3. government 
21. Where do you think treatment to be? 
1. On site treatment and reused the treated OMW in agriculture 
2. On site partially treatment and then disposed to the public sewerage 
system. 
3. On site partially treatment and then disposed to cesspits. 
4. Transfer the OMW to the centralized treatment plant. 
22. How do you disposed of the olive mill solid waste? 
22. Are there any other comments that you want to make and that are not 
covered by the previous questions? 
F.3 
Annex G 
Cost Analysis of OMW 
Treatment Options 
! 
Cost analysis for evaporation ponds 
Design of evaporation ponds 
Design criteria 
! 
• Average OMW in West Bank from 209 mills per year = 250,000 m3 
• No. of mills in the West Bank = 209 
• Average yearly precipitation = 600 mm 
• Average yearly evaporation = 1050 mm 
• Unit cost of excavation in agricultural land = 4 US$/m3 
• Unit cost of lining using geo-textile= 4 US$/m2 
• Unit cost of sludge disposal to land fill = 5 US$I m3 
• Design period = 25 years 
• Unit cost for land rent = 120 US$/dunum/year 
• Residual sludge = 50% by volume 
Pond volume calculation 
Volume of OMW production per mill per year = average total OMW production 
no. of mills 
= 250.000 
209 
= 1196.172 m3 
Effective depth of the pond = annual evaporation - annual precipitation 
=3 mm/day x 365 - 600 
= 495 mm = 0.5 m 
Surface area required = Volume of OMW 
effective depth 
= 1196.172 
0.5 
= 2392.2 m2 
= 2400 m2 
Total Depth = effective depth + 0.5 
= 0.5 +0.5 
= 1.0 m 
0.1 
Excavation volume = Surface Area x total depth 
= 2400 x 1 
= 2400 m3 
Actual excavation = 3000 m3 
Area of lining = area of the bottom + sides areas 
= 2400 + 1x 4 x (2400)A1/2 
=2600 m2 
Cost estimation 
1- Capital cost 
• Excavation cost = volume excavated * unit cost 
= 3000 m3 x 4 US$/m3 
= 12000 US$ 
• Lining cost = Area of lining x unit cost 
= 2600 m2 x 4 US$I m2 
= 10400 US$ 
The capital cost = Excavation cost + lining cost 
Design period * volume of treated OMW per year 
= 12000 + 104000 
25x 1196.172 
= 0.75 US$/m3 
2- Operational cost 
• Land rent annually = Area required' unit cost 
• Disposal of sludge 
= 2400 m2 x 120 US$/Dunum 
1000 m2 
=288 US$ 
Quantities of sludge annually = 50% x volume of OMW produced 
= 50 x 1196.172 
= 598 m3 
0.2 
! 
Cost of sludge disposal = 598 x 5 
=2990 US$ 
Total operation cost = 2990+ 288 
=3278 US$ 
Unit operational cost = Total operation cost 
3· Total unit cost 
Volume of OMW treated 
= 3298 
1196.172 
= 2.74 US$/m3 
Total Unit cost = unit Operation cost +unit capital cost 
== 2.74+ 0.75 
= 3.49 US$I m3 
0.3 
j 
Design of land treatment 
Desiqn criteria ! 
• Dosage = 100 m3/hectar/year, for centrifugal extraction method 
• Dosage = 30 m3/hectarc/year, for traditional extraction method 
• Average OMW in West Bank from 209 mills per year = 250,000 m3 
• No. of mills in the West Bank = 209 
Area required calculation 
OMW produced per mill per year = 250.000 
209 
= 1196.172 m3 
Considering 100 m3/hectar/year dosage, as most of the mill in Palestine 
use centrifugal extraction technique. 
Area required for land treatment = 1196.172 
100 
Operational cost 
1- Land rent = 120x 120 
= 14400 US$ 
= 12 hectare (hectare = 10 dunum) 
= 120 dunums per mill 
2- Transportation: using vacuum tanker with volume capacity of 5m3 to 
transport the OMW from the mills to the land site will cost on average 
10 US$. 
Transportation cost = 10 US$ x 1196.172 m3 
5 m3 
= 2392 US$ 
3- Distribution of OMW in the land: Spreading the 5m3 need approximately 
one hour and one hour cost 8 US$. 
Cost of distribution = 1196.172 m3 x 8 US$ 
5 m3 
= 1914 US$ 
G.4 
4- Plough the land after distribution of OMW to prevent the formation of the 
. surface film will cost 5 US$ for 5m3 ! 
plough cost = 1196.172 m3 x 5 US$ 
5m3 
= 1196 US$ 
Total unit operational cost = land cost+ transportation +distribution +plough up 
Total OMW treated 
= 14400+2392+1914+1196 
1196.172 
= 16.6 US$lm3 
0.5 
Design of anaerobic digestion 
Design criteria ! 
• An approximation evaluation of the costs and the energyconsumptions 
of anaerobic digestion process of OMW which carried out by Hamdi 
(1992) and Boari (1984) are as follows: 
1. Capital cost = 4000 US$ per m3 OMW produced per day assuming 
BOO 50 kglm3 , energy required 
- Electrical Energy = 1 kWhlm3 
- Thermal = <200 kwhlm3 
- Thermal energy recovered by methane= 240 kwhlm3 
• No. of mills in the West Bank = 209 
• Average OMW in West Bank from 209 mills per year = 250,000 m3 
• Design period = 25 year 
• Assuming five decentralised OMW treatment plants 
• BOO of OMW = 50 kglm3 
• Season = 100 day (maximum) 
Cost analysis 
Design capacity of each treatment plant per year = 250.000 
5 
Capacity of the plant per day = 50.000 
100 
= 500 m3/day 
= 50,000 m3/yr 
Unit capital cost = 500 m3/day x 4000 US$ 1m3 per day 
25 year x 50,000 
= 1.6 US$lm3 
Assuming the operational and maintenance = 1 % of the capital cost 
Unit cost of operational and maintenance = 
= 1 % x 4000 US$ 1m3 per day x 500 m3 per day 
50,000 m3/year 
= 0.4 US$lm3 
G.6 
Cost of electrical energy = 0.1 US$/ kwh 
Unit cost = 0.1 US$/kwh x 1 kwh 1m3 
= 0.1 US$/m3 
Transportation cost = 1.2 US$/m3 (from the social survey) 
Total unit cost = 1.6 + 0.4+ 0.1 + 1.2 
= 3.4 US$/m 3 
! 
This cost excludes the cost of sludge disposal in the mill and from the 
centralised treatment. 
G.7 
Annex H 
Methods and Reference Code 
of Tested Parameters 
! 
Analytical methods used for analysis of olive mill wastewater in CITET, 
Tunisia. The types and methods of analysis are translated to English, and 
follow French standards, determined in the right hand column. 
solid (TSS) 
3 Dissolved oxygen 1996 
(DO) 
4 pH and 
temperature 
5 Electrical 27-888 
conductivity (EC) 
6 Colour at wavelength of 
390nm 
Chemical oxygen demand (COD) 
Chemical oxygen demand (COD) is used as a measure of oxygen 
requirement of a sample that is susceptible to oxidation by strong chemical 
oxidant. The chemical oxygen demand (COD) was determined by oxidation 
with potassium dichromate according to French Standards which are used in 
Tunisia. 
Procedure 
1- The sample was diluted up to 400 times. 
2- Place the sample in cultural tubes and add standard potassium 
dichromate digestion solution (0.0167 M). 
3- Carefully run sulphuric acid reagent down inside of tube so an acid 
layer is formed under the sample-digestion layer. 
H.! 
! 
I 
4- Tightly cap tubes and invert each several times to mix completely. 
5- Place tubes in block digester preheated to 1500C and reflex! for 2 
hours. 
6- Cool to room temperature and place tubes in test tube rack 
7- Remove the tube caps and add small magnetic stirring bar. 
8- Add ferroin indicator and stir rapidly on magnetic stirrer while 
titrating with standard ferrous ammonium sulphate titrant 
(FAS) approximately 0.1 M. 
Formula to determine COD: 
COD (mg/I) = (a-b)(M) x 8.000 
ml sample 
. Where: 
a = ml of FAS used for blank 
b = ml FAS used for sample 
M= molarity of FAS titrant (Fe(NH4h(S04h) 
ml sample = the actual volume of sample used before dilution 
Total Suspended Solids Dried at 103-105°C 
It was difficult to measure the TSS concentrations found on OMW using 
filtration method as OMW contains high concentrations of TSS. The 
suspended material clogs the filter and prolongs filtration. Therefore, total 
suspended solids (TSS) were obtained by centrifugation at 4000 g for 20 
minutes. The settled solids were then dried for 2 hours at 105°C according to 
the French Standards Method a centrifugation method was used. 
Procedure 
Put 50ml of sample in tub 
The samples was centrifuge at 4000g for 20 minutes 
H.2 
Dry for 2 h at 103 to 105°C in an oven, cool in a desiccator to balance 
temperature, and weigh. 
Calculation 
(A-B) X 1000 
mg total suspended solids/I = -------
sample volume, ml 
where: 
A = weight of tub + dried residue, mg, and 
B = weight of tub, mg. 
Colour 
I' 
The dark colour of olive mill wastewater (OMW) was difficult to determine 
quantitatively. Fresh OMW may tum darker reaching on almost black colour 
after storage in certain conditions. For consistency, the optical density (OD) at 
wavelength of 390 nm was measured. This choice of that wavelength was 
based on the maximal absorbance of aromatic compounds (Zouari, 1998). 
Procedure 
• The sample was centrifuge and then filtered 
• The sample was diluted to the level that the spectrometer can read the 
absorbance 
• Determine the light transmission characteristics. Though clean 1 cm 
absorption cells with distilled water. Rinse twice with filtered sample, 
clean external surface with lens paper and fill cell with filtered material. 
• Determine transmittance values 
• Set the instrument on the distilled water (Blank) 
H.3 
- - -----------------------
The following pages represnts : j 
• The descriptions of the equipments and the conditions of the operation 
followed for determination of simple phenolic and polyphenolic 
compounds based on an unpublished laboratory protocol used at 
Centre de Biotechnologie de Sfax (CBS) /Tunisia) in French. 
• The chromatograms for small molecular weights of phenolic 
compounds found on OMW samples resulting from HPLC analysis, as 
provided by CBS labotatory. 
HA 
Dosage des monomeres* 
Chromatographie Liquide a Haute Press ion (HPLC) avec dehkteur 
spectrophotometrique (U.V.) 
CeUe . methode a ete utilisee pour le suivi et la determination de la 
cocentration des composes aromatiques des differents echantillons : 
Appareillage : 
Pompe : Shimadzu LC-6A 
- Colonne : Shim-pack C-LC aDS (M) 
Detecteur : Shimadzu SPD-6AV (UV-visible) 
Integrateur: Shimadzu C-R6A 
Conditions operatoires : 
- debit: O.S ml/min 
- solvants: A (70% acetonitrile -30% eau) 
B (99.9% eau - 0.1% acide orthophorique) 
- temperature: ambiante 
- longueur d'onde : 280 nm 
mode d'injection : manuelle 
- volume injecte : SO ml 
- gradient d'elution : 2S min SO% B 
: 30 min SO% B 
:3Smin10%B 
Avant injection, chaque echantillon est centrifuge puis filtre sur filtre 0.22 mm . 
• Based on an unpublished laboratory protocol used at Centre de Biotechnologie de 
Slax (Tunisia) for determination 01 simple phenol compounds. 
H.5 
Dosage des polymeres * ! 
La permeation de gel a haute. performance a eM utilisee pour I'analyse des 
polymeres. 
La colonne utili see est de type « Progel-TSK-G2000 S-W-supelco» de 
longueur egale a 30 cm et de diametre interieur egal a 7.5 mm. 
La chaine HPLC utilisee est de type Shimadzu. Elle comprend : 
- Une pompe de type « LC-6A » 
Un detecteur de type « UV-SPP-6AV » fixe a une longueur d'onde 
egale a 280nm 
- Un integrateur de type « CR-6A » 
Un injecteur de type« Rheodyne 7124 » 
Tout ce systeme fonctionne avec un debit egal a 1 ml/min, et en utilisant le 
tampon phosphate: 0.1 M (pH = 6.7). Ce tampon 0.5 g11 de NaN3 
(conservateur) et 0.1 M de Na 2S04 ( deshydratant). 11 est filtre un filtre de 
0.45 pm, puis degaze avec I'helium avant d'etre utilise. 
* Based on an unpublished laboratory protocol used at Centre de Biotechnologie de 
Sfax (Tunisia) for determination of polyphenol compounds. 
H.6 
~himadzu CLASS-VP V 5.032 External Standard Report 
Method Name: F:IQuantitativeIPolyphenole2.met 
, ata Name: E:IClTETlEchOOl.Al : Acides Phenoliques Standarts 
ser: System Labo. Analyse 
cquired: 04/04/200210:18:41 
rinted: 05/041200216:39:55 
3 
2 
Detector A (280nm) 
- Ech.A1 
E,ch001.A1 
o "--
o 5 10 15 
Detector A 
(280nm) 
Pk # Name 
1 Hydroxytyrosol 
3 3,4dHphenyl 
acetic a. 
7 Tyrosol 
9 PH Benzoic a. 
10 pHphenyl acetic 
a. 
11 Vannilic a. 
12 Cafeic 
14 Coumaric a. 
17 Vanniline 
21 Ferilic 
24 Oleuropeine 
Totals I 
20 25 
Minute:; 
Retention Time 
12,625 
15,292 
18,408 
19,492 
21,158 
22,458 
23,242 
28,633 
30,525 
33,483 
36,142 
Page 1 of2 
30 35 40 45 50 
Area ESTD Units 
concentration 
112867175 8334,485 ~g/ml 
5789563 244,409 ~g/ml 
3986953 264,067 ~g/ml 
2231157 51,885 ~g/ml 
26749427 2208,957 ~g/ml 
7854935 197,502 ~g/ml 
940018 6,386 ~g/ml 
2013645 14,477 ~g/ml 
493262 5,343 ~g/ml 
1272957 18,805 ~g/ml 
3845036 600,258 ~g/ml 
1680441281 11946,5751 
Detector A (280"111) 
Ecn.A1 
... EchOO.t .. (l.1 
Retention Time 
o --.-.- .. -~.-.-.-. 
o 5 10 15 
~- E:ICITETIEch001.A 1, Detector A (280nm) 
3 
2 
o 
25 30 40 
Shimadzu CLASS-VP V 5.032 External Standard Report 
Method Name: F:IQuantitativeIPolyphenole2.met 
Data Name: E:ICITET\Ech002.A2 : Acides Phenoliques Standarts 
User: System Labo. Analyse 
IAcquired: 04/04/200211:10:03 
I 
Printed: 05/04/2002 16:56:13 
3 
2 
Deteclor A (2BOnm) 
- Ech.A2 
Ech002.A2 
J \ 0,-,--"--- ,." '--" '--
o 5 10 15 
Detector A 
(280nm) 
Pk # Name 
Hydroxytyrosol 
3 3,4dHpbenyl 
acetic a. 
7 Tyrosol 
PH Benzoic a. 
8 pHphenyl acetic 
a. 
9 Vanuilic a. 
10 Cafeic 
13 Coumaric a. 
15 Vanniline 
19 Ferilic 
24 Oleuropeine 
Tot~sl 
20 25 
Minutes 
Retention Time 
12,650 
15,208 
18,725 
20,958 
22,225 
22,950 
29,325 
30,267 
33,025 
36,092 
Page 1 ofl 
30 35 40 45 50 
I 
Area ESTD Units 
concentration 
42626975 3149,375 !-Ig/ml I 
1477985 63,731 !-Ig/ml 
I 2305752 153,409 !-Ig/m! 
0,000 BDL !-Ig/ml I 
7379881 610,223 !-Ig/m! 
I 
2167632 54,660 !-Ig/m! 
153501 1,210 !-Ig/ml I 
72912 0,526 !-Ig/m! 
144960 1,570 !-Ig/ml I 
300163 4,705 !-Ig/ml 
I 366568 53,792 !-Ig/ml 
569963291 4093,2021 
30vlL? 2 L+"UUU-ro~~~D~.f~e~"~O~'A~(~,.=o~"m~.)~--------------'-------~------~------'---~----------~------, 
- Ee'h.A2 
.- .... ," ······Ec'hOi)'iAi···· 
Retentio Time 
o 5 10 15 20 
--E;ICITETIEch002.A2, Detector A (2BOnm) 
25 
Minutes 
30 35 40 
3 
... ·2 
45 50 
Shimadzu CLASS-VP V 5.032 External Standard Report 
Method Name: F:IQuantitativeIPolyphenole2.met 
Data Name: E:ICITET\Ech003.A3 
User: 
Acquired: 
Printed: 
3 
2 
System Labo. Analyse 
04/041200212:15:05 
051041200217:01:00 
De\ec\Cf A (2.80nm) 
- Ech.A3 
Ech003.A3 
\ 
o -_ ... __ . 
o 5 10 15 
Detector A 
(280nm) 
Pk # Name 
Hydroxytyrosol 
3 3,4dHpbenyl 
acetic a. 
5 Tyrosol 
7 PH Benzoic a. 
9 pHphenyl acetic 
a. 
ID Vannilie a. 
11 Cafeie 
16 Coumaric a. 
18 Vanniline 
22 Ferilie 
26 Oleuropeine 
Totals 1 
20 25 
MInutes 
Retention Tim e 
12,642 
15,183 
17,975 
19,275 
21,475 
22,258 
22,833 
29,258 
30,167 
32,983 
36,150 
Page 1 of 1 
30 35 40 45 50 
Area ESTD Units 
concentration 
63364731 4680,230 I-Ig/ml 
3917746 166,122 I-Ig/ml 
15919040 1049,443 I-Ig/ml 
3585414 83,329 I-Ig/ml 
5834289 482,652 I-Ig/ml 
6583562 165,570 I-Ig/ml 
692667 4,996 I-Ig/ml 
213065 1,536 I-Ig/ml 
792822 8,348 I-Ig/ml 
1005987 15,079 I-Ig/ml 
492392 73,358 I-Ig/ml 
1024017151 6730,6641 
Detector A (280mn) 
Ech.A3 
(") . Eth003:A3'''' A 
Retentio Time ~" 
M 
N 
o ----.-. 
o 5 10 15 20 
__ E:ICITETIEch003.A3, Detector A (280nm) 
25 
Minutes 
30 35 
, 
40 
3 
, 
• 
'5 
> 
o 
45 50 
;himadzu CLASS-VP V 5.032 External Standard Report 
I ~lethod Name: F:IQuantitativcIPolypheno!e2.met 
~ata Name: E:\CITETIEch004.A4 
ser: 
cquired: 
rinted: 
3 
2 
Q 
System Labo. Analyse 
04/0412002 13:13:02 
05/04/2002 17:13:45 
Detector A (280nm) 
- E:chA4 
Ech004A4 
\ 
, 
\~J 
0- -.-
0 5 
Detector A 
(280nm) 
Pk # 
1 
2 
6 
7 
8 
9 
14 
15 
20 
25 
Totals 1 
10 15 
Name 
Hydroxytyroso] 
3,4dHphenyl 
acetic a. 
Tyrosol 
PH Benzoic a. 
pHpbenyl acetic 
a. 
Vannilic a. 
Cafeic 
Coumaric a. 
Vanniline 
Ferilic 
Oleuropeine 
, 
20 
, 
25 
Mlnute.s 
Retention Time 
12,550 
15,108 
18,608 
20,850 
22,142 
22,800 
29,167 
30,233 
33,408 
36,150 
, 
30 
Area 
122988644 
265013 
5252150 
2218033 
1642035 
202165 
200288 
132023 
, 
35 
712794. 
241153 
1338542981 
Page 1 of 1 
40 
ESTD 
concentration 
9081,648 
11,438 
347,343 
0,000 BDL 
184,172 
41,459 
1,594 
1,444 
1,430 
10,945 
35,388 
971~,860 I 
, 
45 
Units 
J.Ig/ml 
J.Ig/ml 
J.Ig/ml 
J.Ig/ml 
J.Ig/ml 
J.Ig/ml 
J.Ig/ml 
J.Ig/ml 
J.Ig/ml 
J.Ig/ml 
J.Jg/ml 
50 
o 
o 
Pe!el:tor A (280nm) 
_ Ech..A4 
EcM04.A4 
RetentioO;,Time 
f.' 
5 10 20 
__ E:ICITETIEch004.A4, Detector A (280nm) 
25 
Minute$ 
20 
,,0 
2,5 
2,0 
1,S ~ ~ 
1,0 
0,5 
0,0 
35 40 50 
Shimadzu CLASS-VP V 5.032 External Standard Report 
Method Name: F:\QuantitativeIPolyphenole2.met 
Data Name: E:\CITETIEcb005.A5 
User: 
Acquired: 
Printed: 
3 
2 
0 
0 
System Labo. Analyse 
04/04/2002 14:56:08 
05/041200217:17:19 
Detector A (280nm) 
- Ech.A5 
Ech005.A5 
.... 
J ./ ~-'. 
5 10 15 
Detector A 
(280nm) 
Pk # Name 
Hydroxytyrosol 
3 3,4dHpMnyl 
acetic a. 
7 Tyroso! 
9 PH Benzoic a. 
11 pHphenyl acetic 
a. 
12 Vannilic a. 
13 Cafeic 
17 Coumaric a. 
19 Vanniline 
25 Ferilie 
30 01europeine 
Totals I 
20 25 
Minutes 
Retention Time 
12,525 
15,750 
18,392 
19,592 
21,958 
22,775 
23,058 
29,175 
30,217 
33,383 
36,100 
Page 1 of 1 
30 35 40 45 50 
Area ESTD Units 
concentration 
92972295 6865,851 iJg/ml 
1534197 66,113 \Jg/ml 
3828935 253,666 iJg/ml 
645144 15,129 iJg /ml 
1143403 95,307 iJg /ml 
95792 2,373 iJg /ml 
150232 1,185 iJg/ml 
171900 1,239 iJg/ml 
44118 0,478 iJg/ml 
564136 8,782 iJg/ml 
182490 26,779 iJg/ml 
1013326421 7336,9021 
o 
,; 
o 
N 
o 
Oel~C!(II" A (2SCnm) 
- Ectl.A~ 
. _ .. J;:~t;i!~~,..A:5. 
Retention Time 
_J 
5 10 15 
__ E:ICITETIEch005,A5, Detector A (280nm) 
25 
Minutes 
30 
, .. 
40 
3,0 
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2,0 
1,5 ~ 
1,0 
0,5 
0,0 
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Shimndzu CLASS-VP V 5.032 External Standard Report 
Method Name: F:IQuantitativeIPolyphenole2.met 
Data Name: E:ICITET\Ech006.A6 
User: 
Acquired: 
Printed: 
3 
2 
1 
o 
o 
System Labo. Analyse 
04/0412002 16:03:32 
05/04/200217:21:32 
Detector A (280nm) 
- EchA6 
Ech006.A6 
5 10 15 
Detector A 
(280nm) 
Pk # Name 
Hydroxytyrosol 
3 3,4dHphenyl 
acetic a. 
7 Tyrosol 
8 PH Benzoic a. 
11 pHphenyl acetic 
a. 
12 Vannilic a. 
13 Cafeic 
16 Coumaric a. 
18 Vanniline 
24 Ferilie 
28 Oleufopeine 
Totals. I 
20 25 
MInutes 
Retention Time 
12,492 
15,742 
18,400 
19,375 
21,958 
22,733 
23,100 
29,167 
30,200 
33,350 
36,017 
Page 1 ofl 
30 35 40 45 50 
Area ESTD Units 
concentration 
112851501 8333,328 Ilgfml 
2566747 109,618 Ilgfml 
5669157 374,790 Ilgfml 
346046 8,115 Ilgfml 
1632423 135,907 Ilgfml 
117472 2,910 Ilg /ml 
274165 2,162 Ilg /ml 
330962 2,386 Ilgfml 
47525 0,515 Ilg /ml 
878593 13,302 Ilgfml 
2481470 385,929 Ilgfml 
127196061 I 9368,9621 
Oeteclor A ill1lJnnl/ 
--
Ech.A6 
0 E,;hj)88.AIJ 
,; Retention;·!une 
~ 
" 
o_ 
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~ :l 0 
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., 
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-- E:\CITET\Ech006.A6, Detector A (280nm) 
25 
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30 40 
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Shimadzu CLASS-VP V 5.032 External Standard Report 
Method Name: F:\Quantitative\Polyphenole2.mel 
Data Name: E:ICITETlEch007.A 7 
User: 
Acquired: 
Printed: 
System Labo. Analyse 
0410412002 16:56:12 
0510412002 17:23:59 
Detector A (280m:n) .: 
- Ech.A7 
3 Ech007.A7 
z 
\ 
J \0 .. 
o 5 10 15 
Detector A 
(280nm) 
Pk # Name 
1 Hydroxytyroso 1 
2 3,4dHphenyi 
acetic a. 
6 Tyrosol 
7 PH Benzoic a. 
8 pHphenyl acetic 
a. 
10 Vannilic a. 
11 Cafeic 
14 Cournaric a. 
17 Vanniline 
23 Ferilie 
27 01europeine 
Totals I 
20 25 
Minutes 
Retention Time 
12,517 
15,083 
18,550 
20,192 
20,692 
22,750 
. 23,158 
29,258 
30,225 
33,392 
36,008 
Page 1 of! 
30 35 45 50 
Area . ESTD Units 
concentration 
104850545 7742,700 Ilg/ml 
125831 5,431 Ilg/ml 
4369306 289,233 Ilg/ml 
648619 15,211 Ilg/ml 
589333 49,123 Ilg/ml 
391610 9,702 Ilg/ml 
184886 1,458 Ilg/ml 
75889 0,547 Ilg/ml 
30563 0,331 Ilg/ml 
830208 12,626 Ilg /ml 
4506967 704,303 Ilg /ml 
!l6603757I 8830,665 I 
o 
of 
~ 
<> 
o 
Deled-or A (lS01l1l'l) 
- Ech.A1 
EclIil67.AT 
.. Retention Time 
5 10 15 20 
__ E:ICITETIEch007.A7, Detector A (280nm) 
25 
Minutes 
30 40 45 
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;himadzu CLASS-VP V 5.032 External Standard Report 
dethod Name: F:IQuantitativeIPolyphenole2.met 
ata Name: E:ICl'IETIEch008.A8 
ser: 
cquired: 
rinted: 
3 
2 
System Labo. Analyse 
04/04/200217:49:53 
05/041200217:25:40 
Detector A (280nm) 
- EchA8 
Ech008AB 
o . - ,. _. - -
o 5 10 15 
Detector A 
(280nm) 
Pk# Name 
Hydroxytyrosol 
2 3,4dHphOnyl 
acetic a. 
8 Tyrosol 
PH Benzoic a. 
9 pHphenyl acetic 
a. 
10 Vannilie a. 
11 Cafeie 
14 Coumaric a, 
16 Vanniline 
20 Ferilie 
23 OIeuropeine 
Totals 1 
20 25 
Minutell 
Retention Time 
12,533 
15,092 
18,667 
20,775 
22,142 
23,333 
29,083 
30,000 
32,992 
36,175 
Page 1 of 1 
30 35 40 45 50 
Area ESTD Units 
concentration 
127553084 9418,595 1J9/ml 
409496 17,673 1J9/ml 
6202674 409,907 1J9/ml 
0,000 BDL 1J9/ml 
5605816 463,795 1J9/ml 
2389231 60,225 1J9/ml 
297315 2,345 1J9/ml 
679968 4,902 1J9/ml 
68065 0,737 1J9/ml 
445027 6,975 1J9/ml 
241157 35,389 1J9/ml 
1438918331 10420,542\ 
O<!tactor A (2S!lnm) 
_ Ech.AlI 
EthIl1lS.A.8 
0 Retention! Time 
ri '" 
'" ~N 
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N 
0 
of 
J::1<,O g.: 
~, 
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0 --._--_._----, .. 
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__ E;\CITET\Ech008,A8. Detector A (280nm) 
25 
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,himadzu CLASS-VP V 5.032 External Standard Report 
I 
;lethod Name: F:IQuantitativeIPolyphenole2.met 
lata Name: E:IClTETIEch009.A9 
Iser: 
, cquired: 
rinted: 
3 
2 
System Labo. Analyse 
0510412002 13:38:42 
051041200217:28:17 
Detector 'A (2SQnm) 
- EchA9 
Ech009A9 
o __ .J 
o 5 10 15 
Detector A 
(280nm) 
Pk # Name 
2 Hydroxytyrosol 
4 3,4dHphenyl 
acetic a. 
9 Tyrosol 
10 PH Benzoic a. 
11 pHphenyl acetic 
a. 
14 Vannilic a. 
15 Cafeie 
19 Coumaric a. 
21 Vanniline 
26 Ferilic 
29 o leuropein e 
Totals \ 
20 25 
Minutes 
Retention Time 
12,617 
15,050 
17,850 
19,950 
21,242 
22,550 
23,225 
29,267 
30,350 
33,200 
36,058 
Page 1 ofl 
30 35 40 45 5e 
Area ESTD Units 
concentration 
20115426 1487,580 !-Ig/m! 
1892254 81,283 !-Ig/m! 
5962102 394,072 !-Ig/m! 
544309 12,764 !-Ig/m! 
1546204 128,801 !-Ig/m! 
125943 3,120 !-Ig/m! 
404386 3,189 !-Ig/m! 
25129 0,181 !-Ig/m! 
433477 4,696 !-Ig/m! 
571452 8,888 !-Ig/m! 
334770 49,126 !-Ig/m! 
31955452\ 2173,701\ 
o 
ri 
o 
of 
0" 
o 
ci 
o 
Cl!tec(Or A 12&OJlfll) 
- Ech.A9 
l;,cllOO~,.t.~ 
Retention; 1.'.~e 
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25 
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:himadzu CLASS-VP V 5.032 External Standard Report 
,fethod Name: F:\Quantitative\Polyphenole2.met 
lata Name: E:\CITET\EchOI0.AI0 
lser: 
lcquired: 
jrinted: 
3 
2 
System Labo. Analyse 
05/04/200214:30:31 
05/04/200217:30:33 
Detector A (280nm) 
- EchA10 
Ech010.A10 
o,-!---
o 5 10 15 
Detector A 
(280nm) 
Pk # Name 
2 Hydroxytyroso1 
4 3,4dHpheny1 
acetic a. 
6 Tyrosol 
7 PH Benzoic a. 
10 pHphenyl acetic 
a. 
!l Vannilic a. 
12 Cafeic 
14 Coumaric a. 
16 Vanniline 
22 Ferilic 
24 01europeine 
Totals I 
20 25 
Minutes 
Retention Time 
12,742 
15,283 
18,008 
20,075 
21,625 
22,208 
22,817 
29,133 
30,008 
33,292 
35,900 
7 
Page 1 of! 
30 35 40 45 50 
Area ESTD Units 
concentration· 
22577290 1669,314 ~g/ml 
1268611 54,752 ~g/ml 
8851387 584,246 ~g/ml 
!l34906 26,614 ~g/ml 
2038610 169,382 ~g/ml 
231643 5,739 ~g/ml 
323150 2,548 IJg/ml 
55885 0,403 ~g/ml 
68543 0,743 ~g/ml 
746033 11,428 ~g/ml 
295957 43,430 ~g/ml 
375920151 2568,600 1 
;:; _"_' ,,~;~:~~r~\2.~_~_nm.), 
o 
" 
o 
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o 
,; 
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Echn1~.A10 
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10 15 
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Annex I 
Palestinian Environmental Law 
Palestinian Environmental Law (PNA, 1999) 
! 
NO (7) 1999 
The Chairman of PLO EXecutive Committee, President of the Palestinian Authority, 
After approval of the Palestinian Legislative Council in its session on 6/7/1999, The 
following law was enacted 
Title I 
Definitions and General Provisions 
Chapter 1 
(Definitions) 
Article (1) 
In applying the provisions of this law, the following words and terms shall have their 
specified definitions below, unless otherwise is provided: Environment: the vital 
surroundings with all forms of life, including air, water, land, the facilities and the 
interactions among them. 
Air. the mixture of gases, which form air with its natural characteristics and defined 
ratios. 
Soil: the surface crust of the earth on which there can be activities of agriculture, 
construction, and digging. That includes all types of land. 
Drifting: removal away any part of the soil. 
Water. Includes surface and underground water in all forms, fresh, saline or semi-
saline. 
Environmental Pollution: Any direct or indirect changes in the characteristics of the 
environment, that may cause harm to any of its components or disrupts its natural 
balance. 
Air Pollution: Any change in the characteristics or components of the natural air, 
which may cause harm to the environment. 
Water Pollution: Any change in the characteristics or components of water, which 
may cause harm to the environment. 
Pollutant Substance and Agents: Any substance in the forms of gas, liquid, solid, 
aerosol, vapor, odor, noise, radiation, heat, flashlight, or vibrations which may result 
in the pollution or deterioration of the environment. 
1.1 
Hazardous Substance: Any substance or compound, which because of its 
hazardous characteristics poses a danger on the environment as toxic, radioactive, 
biologically infectious, explosive or flammable substances. / 
Hazardous Waste: waste generated by the various activities and operations or the 
ash thereof, which preserve the characteristics of hazardous substance which have 
no usage, such as atomic waste, medical waste, or refuse emanating from the 
manufacturing of pharmaceutical products, medicines, organic solvents, dyes, 
painting, pesticides or any other similar hazardous substance. 
Solid Waste: Any non-hazardous waste, or garbage generated by the different 
activities: household, commercial, agricultural, constructional, industrial waste and 
the sludge generated by wastewater treatment plants. 
Waste Water. Water polluted by solid, liquid, gas, energy, or microorganisms' 
matters generated or resulted from homes, buildings or the variant facilities. 
Underground Water. Any flowing, running or stagnant water in the underground. 
Facility: Any land, building, structure, or equipment that constitute the facility. 
Facility Owner. Any natural or legal person, who may own or lease a facility, or be 
responsible for operating and managing it. 
Environmental Harm: Any harm generated by the exercise of any activity which may 
cause harms to public health, public welfare and environment. 
License: An official document issued by the competent body authorizing the 
establishment and operation of the facility, and determining specific governing rules 
and restrictions thereof. 
Environmental Impact Any negative or positive outcome generated by the different 
activities from the facility or project which affect the different elements of the 
environment. 
Pollution Prevention: measures and procedures taken to prevent any pollution. 
Pollution Control: measures and procedures taken to reduce or eliminate the 
emission of pollutants. 
Environmental Protection: includes preserving the elements of the environment, 
preventing or reducing the pollution and degrading thereof as well as upgrading 
these elements. 
Dumping: discharge of various pollutants generated by all types of facilities or 
transportation facilities in inland, and territorial or free economic zone water. 
Ship: Any marine unit, floating on or plunged in water, whether it is a civil or military 
one. 
I.2 
Marine Installations: Any stationary or mobile facility built on or under water for 
commercial, industrial, tourism, military or scientific purposes. 
! 
Public Areas: Areas designated to receive the public at large or any definite group 
for whatever purpose. . 
Standards: Percentages, quantities or norms as established by competent agencies 
to define the environmental pollutants and their harmful impacts. 
Waste Management Collection of the different wastes and the transportation thereof 
to specified zones for recycling, treatment or disposal. 
Environmental Disaster. Any event generated by natural or human action, which 
results in severe harm to the environment, the combat of which requires possibilities 
beyond local capabilities. 
Compensation: What is paid for harms caused by the variant pollutants as a result 
of an act or more performed by natural or juridical persons affecting the 
environmental components, pursuant to administrative or judicial orders, or in the 
implementation of provisions stipulated in intemational conventions. 
Environmental Nuisance: The harm or material damage caused by the generation 
of noise, vibration, radiation, or irritations; the release of smells which result from any 
activity of humans, facilities, transportation facilities or any other agent in a manner 
that affects properties or the human (exercise of natural) life. 
Environmental Monitoring: procedures undertaken by competent agencies, to 
ensure that all persons and agencies abide by the environmental standards and 
instructions prescribed to ensure that they are not violated or surpassed. 
Environmental Control: Activities meant to monitor the quality of the environment. 
Environmental Deterioration: Any impact on the environment or its components 
that may cause harms which degrades the environment or depletes its resources and 
harms living organisms. 
Ministry. Ministry of Environmental Affairs. 
Minister. Minister of Environmental Affairs. 
Environmental Awareness: Spreading the knowledge which consolidate the 
principles and values to upgrade public awareness needed to preserve the 
environment and its components. 
Closed Public Areas: Any public areas in the form of complete building where air 
comes in only through windows built in for that purposes and include (theaters, 
cinemas, museums, restaurants, meeting halls, etc.), public transportation facilities 
shall also be subject to this definition. 
1.3 
Natural Reserves: Areas designated to preserve certain types of living organisms or 
other ecosystems that have natural or aesthetic values which are forbidden to 
eliminate, affect or destroy them. ' 
Discharge: Throwing, leaking, emitting, pumping, pouring, or discharging in a direct 
or indirect manner - of any environmental pollutants in the air, land, inland or 
territorial waters. 
Free economic zone: The marine area which lies beyond and adjacent to the 
territorial sea, which does not exceed two hundred marine miles measured with the 
same lines used to measure the latitude of the territorial sea. 
Environmental Approval: An official document issued by the Ministry expressing 
the environmental opinion regarding establishing or practicing any activities that 
require an environmental approval. 
Environmental impact assessment "EIA ": A detailed study for assessing the 
environmental impacts as a result of practicing any activities. 
Article (2) 
The objectives of this law are: 
1. Protection of the environment against all forms and types of pollution; 
2. Protection of Public health and welfare; 
3. Insertion of the bases of environmental protection in social and economic 
development plans; and encouragement of sustainable development of vital 
resou rces in a manner that preserves the rights of future generations; 
4. Protection of bio-diversity and environmentally sensitive areas, as well as 
improvement of environmentally harmed areas; 
5. Encouragement of collection and publication of environment-related information to 
raise public awareness of environmental problems. 
Chapter 2 
(General Provisions) 
Article (3) 
Every person may: 
A. regardless of personal interest and in order to secure a sound environment, file or 
follow up on any complaint or appropriate legal proceedings against any natural or 
. juridical person causing harm to the environment. 
B. obtain any necessary official information to discover the environmental impact of 
any industrial, agricultural, constructional or other activity within the development 
programs, in compliance with the law. 
lA 
Article (4) 
The Ministry, in coordination with the competent agencies, shall work 9n the 
generalization of the concepts and objectives of the environmental education through 
schools, universities, institutions, and clubs. It shall also encourage collective and 
individual initiatives for voluntary work aiming to protect the environment. 
Article (5) 
This law shall guarantee: 
A. The right to every individual to live in a sound and clean environment and enjoy 
the best possible degree of health care and welfare. 
B. Protection of the country's natural fortunes and economic resources, besides the 
preservation of its historical and cultural heritage without any harms or side effects 
that are likely to occur sooner or later as a result of the variant industrial, agricultural 
or constructional activities, with ari impact on the quality of life and basic ecosystems 
such as air, water, soil; marine resources, animals and plants. 
Title" 
Environmental Protection 
Chapter 1 
Land Environment 
Article (6) 
The competent agencies, in coordination with The Ministry, shall prepare the general 
policy for land uses taking into account the optimal use thereof and the protection of 
natural resources and areas with special natural characteristics as well as the 
conservation of the environment. 
Solid Waste 
Article (7) 
The Ministry, in coordination with other competent agencies, shall set a 
comprehensive plan for solid waste management on the national level, including the 
ways and the designation of sites for solid waste disposal as well as the supervision 
over the implementation of this plan by the local councils. 
Article (8) 
The competent agencies, along with their respective specialization, shall encourage 
undertaking appropriate precautions to reduce the generation of solid waste to the 
lowest level possible; re-use it as much as possible, recover its components or 
recycle it. 
Article (9) 
The Ministry, in cooperation with the competent agencies, shall determine the 
standards of solid waste disposal sites. 
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Article (10) 
All agencies and individuals, in conducting any digging, construction; demolition, 
mining or transportation of debris and sands generated by such activities, shall 
commit themselves to take all necessary precautions for safe storage and 
transportation of such materials to prevent any environmental pollution. 
Hazardous Substance and Waste 
Article (11) 
The Ministry, in coordination with the competent agencies, shall issue one or more 
lists of hazardous substances and wastes. 
Article (12) 
No person shall be authorized to manufacture, store, distribute, use; treat, or dispose 
any hazardous substance or waste whether it is solid, liquid, or gas, unless in 
accordance with the orders and directives specified by the Ministry in coordination 
with the competent agencies. 
Article (13) 
A. It is forbidden to import any hazardous wastes to Palestine. 
B. It is forbidden to pasS hazardous waste through the Palestinian territories or 
through the territorial water or free economic zone of Palestine, unless a special 
permit is obtained from the Ministry. 
Pesticides and Fertilizer 
Article (14) 
The Ministry, in coordination with the competent agencies shall designate the 
environmental conditions for the import, distribution, manufacturing, use, and storage 
of pesticides, substances, and agri-chemical fertilizers, which may pose hazards to 
the environment. 
Article (15) 
The Ministry, in cooperation with competent agencies, shall set instructions and 
standards specified for the agri-chemicals that are allowed to be imported, 
manufactured and distributed in Palestine, and shall verify observance of it. 
Quarrying and Mining 
Article (16) 
The Ministry, in coordination with the competent agencies, shall set up the 
environmental conditions compatible for mining, quarrying activities, rubbles, mines 
and stone quarrying places in a manner that ensures both the protection of the 
environment against the hazards of environmental pollution; and the preservation of 
natural resources. 
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Deseriification and Land Drifting 
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Article (17) 
For the purpose of combating desertiiication and preventing drifting, the Ministry in 
cooperation and coordination with the Ministry of Agriculture and other competent 
agencies, shall encourage undertaking appropriate procedures for farming the 
wasteland. 
Article (18) 
It is forbidden to drift arable lands or transport its soil in order to use it for purposes 
other than farming. It shall not be considered as drifting if the land is leveled, or its 
soil is transported to be improved agriculturally or preserve its fertility or build on it in 
compliance with the terms and restrictions enacted by the competent agencies. 
Chapter 2 
Air Environment 
Article (19) 
A. The Ministry, in cooperation with the competent agencies, shall specify standards 
to regulate the percentage of pollutants in the air which may cause harm or damage 
to public health, social welfare and the environment; 
B. Each facility, which will be established in Palestine, shall abide by these 
standards; every existing facility shall make necessary changes in a manner that 
makes it conform to these standards within a period that does not exceed th ree 
years. 
Article (20) 
Every facility owner shall provide all means to ensure the necessary protection for 
workers and the neighbors of the facility in compliance with the conditions of 
occupational safety and health, against any leak or emission of pollutants in or out 
the working place. 
Article (21) 
It is forbidden to smoke in transportation means and closed public areas. 
Article (22) 
It shall be prohibited to utilize machines, engines or vehicles that generate exhaust 
that does not comply with the standards specified in accordance with the provisions 
of this law. 
Article (23) 
It is forbidden to dispose, treat or incinerate garbage and solid waste except in the 
sites designated for this purpose and in compliance with the conditions specified by 
the Ministry to ensure the protection of the environment. 
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Article (24) 
The Ministry shall work on the reduction of ozone depletion in accordance wjth the 
provisions of international conventions to which Palestine is committed through 
undertaking appropriate procedures regarding importing, producing or utilizing any 
chemical substances that may cause harm thereto. 
Environmental Nuisance and Noise 
Article (25) 
The Ministry, in cooperation with the competent agencies, shall work on establishing 
standards, directives and conditions to reduce environmental nuisance generated by 
different activities. In addition, every facility owner, entity or individual shall be 
forbidden to cause any nuisance to the others. 
Article (26) 
Every entity and individual, upon operation of any machine or equipment, or upon 
utilization of alarm devices, loud speakers, or during any other activities, shall not be 
allowed to exceed the permissible sound intensity and vibration levels. 
Article (27) 
Radioactive activities or radioactive substance concentrations emitted by any facility 
or other activity shall not be allowed to exceed the permissible limits specified by the 
competent agencies. 
Chapter 3 
Water Environment 
Article (28) 
The Ministry in cooperation with the competent agencies shall specify the standards 
for the quality and characteristics of drinking water. 
Article (29) 
The Ministry, in coordination with the competent agencies, shall set standards and 
norms for collecting, treating, reusing, or disposing waste water and storm water in a 
sound manner, which comply with the preservation of the environment and public 
health. 
Article (30) 
No person shall be allowed to discharge any solid or liquid or other substance unless 
such a process conforms to the conditions and standards that the competent 
agencies determine. 
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Chapter4 
Marine Environment ! 
Article (31) 
The Ministry, in coordination with competent agencies, shall set standards for the 
quality of seawater specifying the norms, directives and conditions necessary to 
control sea pollutants. 
Article (32) 
It shall be forbidden for anyone to perform any action which may cause pollution of 
sea water in a manner that contradicts with the standards, directives or conditions 
prescribed for the purposes of marine environment protection against pollution. 
Article (33) 
The Ministry, in coordination with the competent agencies, shall specify the 
necessary environmental conditions required for the establishment of any coastal or 
offshore buildings or facilities. 
Article (34) 
It shall be forbidden to perform any action, which may affect the natural track of the 
beach, or adjust it inside or far from the sea unless an environmental approval is 
obtained from the Ministry. 
Article (35) 
The Ministry shall prescribe rules and regulations for the prevention of pollution, 
preservation and control of the marine environment, against what is generated by the 
different activities that occur in the free economic zone, continental drifting or the sea 
bottom which are all subject to the jurisdiction of Palestine. 
Article (36) 
The Ministry, in cooperation with competent agencies, shall set the rules and 
regulations for prevention of marine environment pollution that comes as a result of 
dumping. 
Article (37) 
The Ministry, in cooperation with competent agencies, shall set the rules and 
regulations to prevent or reduce marine environment pollution generated by ships in 
the Palestinian ports and territorial water. 
Article (38) 
All entities including ships, regardless of their nationalities, shall be forbidden to 
throw or discharge oil or oil compounds or any other pollutants in the territorial water 
or the free economic zone of Palestine. 
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Article (39) 
All national and intemational companies and agencies authorized to undertake 
digging or exploration activities, or produce or manufacture crude oil, or to extract or 
exploit oil fields and other marine natural sources, shall abide by the environmental 
conditions. 
Chapter 5 
Protection of Natural, Historical and Archaeological Areas 
Article (40) 
The Ministry, in coordination with competent agencies, shall prescribe bases and 
standards for the protection of natural reserves and national parks, monitor and 
declare them, and establish and designate the national parks and supervise them. 
Article (41) 
It is prohibited to hunt, kill, or catch the birds, marine and wild animals, and the fish 
specified in the bylaw of this law. Moreover, it is prohibited to possess, transport, 
walk with, sell or offer them for sale neither dead nor alive, or to damage their nests 
or the eggs. 
Article (42) 
The Ministry, in coordination with the competent agencies, shall specify the 
conditions necessary to guarantee the preservation of bio-diversity in Palestine. 
Article (43) 
The Ministry, in coordination with the competent agencies, shall set the bases and 
standers that determine the plants, wild and woodland are forbidden by these 
standards to be, temporally or permanently, picked up, harvested, damaged or cut off 
to ensure their endurance and continuation. 
Article (44) 
It shall be forbidden for any person to conduct activities or perform any action that 
may cause damage to the natural reserves, forests, public parks or archaeological 
sites, or affect the esthetical aspects of such areas. 
Part IV 
Environmental Impact Assessment, Licensing. Inspection and 
Administrative Procedures 
Chapter 1 
Environmental Impact Assessment 
Article (45) 
The Ministry, in coordination with the competent agencies, shall set standards to 
determine which projects and fields shall be subject to the environmental impact 
LlD 
assessment studies. It shall also prepare lists of these projects and set the rules and 
procedures of the environmental impact assessment. 
Chapter 2 
Licensing 
Article (46) 
! 
When authorizing any facility, the competent agencies shall avoid environmental 
hazards by encouraging transfer to projects that use substances and operations less 
harmful to the environment, and by giving priority to such projects on the basis of 
economic development. 
Article (47) 
The Ministry, in coordination with the competent agencies, shall determine the 
activities and projects that have to obtain an environmental approval before being 
licensed. This includes the projects that are allowed to be established in the 
restricted areas. 
Article (48) 
The Competent Agencies are not allowed to issue licenses for establishing projects 
or facilities, or for any other activities specified in article (47) of this Law, or to renew 
them unless an environmental approval is obtained from the Ministry. 
Chapter 3 
Inspection and Administrative Procedures 
Article (49) 
The Ministry shall follow up the implementation of the decisions issued regarding 
environmental impacts by cooperating with the competent agencies. 
Article (50) 
The Ministry, in coordination with the competent agencies, shall monitor the variant 
institutions, projects and activities to verify their compliance with the requirements, 
standards and directives prescribed for protecting the environment and the vital 
resources, in compliance with the provisions of this law. 
Article (51) 
Inspectors of the Ministry and other inspectors appointed by other ministries and 
agencies, and who have the power of commissioners in accordance with this 
law. The inspectors may curb environmental contravention or crimes committed in 
violation of this law. 
Article (52) 
The Ministry inspectors, in cooperation with competent agencies and administrations, 
have the right to have access to any facilities for inspection, take samples and 
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measurements to ensure their conformity with the standards and conditions of 
environmental protection and pollution prevention. 
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Article (53) 
The owners of the different projects and activities have to enable the inspectors of 
the Environmental Planning and any other competent agencies to conduct their 
duties, and provide them with the information and data that they see necessary in 
compliance with the provisions of this law. 
Article (54) 
Every owner of a facility shall perform self-monitoring operations in conformity with 
the standards and conditions stipulated by the Ministry in coordination with 
competent agencies and shall submit reports according to the Ministry's directives or 
to any other agency prescribed by the executive regulation of this law. 
Article (55) 
Any facility or project that violates the environmental conditions required for granting 
the license, the competent agency has the right to revoke or suspend the 
license. The owner of the facility or project may impeach the decision of revoking or 
suspending the license before a specialized court. 
Article (56) 
The violating facility or project shall not be allowed to resume activities without the 
removal of the contravention causes; if these causes are not removed, the competent 
agency shall remove them at the expense of the owner. 
Article (57) 
The minister can decide to suspend the work of any project, prevent wholly or 
partially the using of any machine or material, if the continuation of such use has 
extreme hazard on the environment. The suspension or prevention shall not exceed 
two weeks, and it is not possible to extend the period without a judicial order from the 
specialized court; moreover, those affected as a result of suspension and prevention 
can appeal before the specialized court. 
Title V 
Penalties 
Article (58) 
The penalties mentioned in this law shall be applied without jeopardizing any more 
severe penalty stipulated in any other laws, 
Article (59) 
Any facility owner or operator provides incorrect or misleading information regarding 
the environmental aspects of the facility he owns or operates, shall be penalized by 
imprisonment of a period not exceeding six months and a fine of not more than two 
thousand Jordanian Dinars or the equivalent thereof in the legally circulated 
currency, or one of the two penalties. 
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Article (60) 
If, as a result ef vielatien to. the previsiens ef this law er any regulatiens er reso,Jutiens 
issued thereupen, an epidemic illness spreads eut, and that the vie later ceuld have -
in the extent pessible - expected such a nuisance, he/ she shall be subject to. 
imprisenment ef a peried net less than 5 years and a fine ef net less than ten 
the us and Jerdanian Dinars, er ene ef the two. penalties. 
Article (61) 
Any persen vielates the previsiens ef Article (10) ef this law shall be punished by 
paying a fine ef twenty Jerdanian Dinars er the equivalent thereef in the legally 
circulated currency, er imprisenment fer a peried ef net less than three days. 
Article (62) 
Any persen vielates the previsiens ef Article (12) ef this law shall be punished by a 
fine ef net less than 1,000 and net mere than 3,000 Jerdanian Dinars er the 
equivalent thereef in the legally circulated currency and net mere than three years ef 
imprisenment, er ene ef the two. penalties. 
Article (63) 
A. Any persen vielates the previsiens in sectien (A) ef Article (13) ef this law shall be 
sentenced to. eternal imprisenment with hard werk, in additien to. cenfiscating er 
eliminating the wastes at the vielater's expense. 
8. Any persen vielates the previsiens in sectien (8) ef Article (13) ef this law shaH be 
penalized by a fine ef net less than 3,000 and net mere than 20,000 Jerdanian Dinars 
er the equivalent thereef in the legally circulated currency, and the imprisenment ef a 
peried net less than three years and net mere than fifteen years, er ene ef the two. 
penalties. 
Article (64) 
Any persen vielates the previsiens ef Article (18)ef this law shaH be penalized by a 
fine ef net less than 500 and net mere than 3,000 Jerdanian Dinars er the equivalent 
thereef in the legally circulated currency and the imprisenment ef a peried net less 
than ene menth and net mere than six menths, er ene ef the two. penalties. 
Article (65) 
Any persen vielates the previsiens ef Articles (21), (22) and (23) ef this law shaH be 
penalized by paying a fine ef net less than 10 and net mere than 100 Jerdanian 
Dinars, er the equivalent thereef in the legally circulated currency and the 
imprisenment ef a peried net less than two. days and net mere than ene week, er ene 
ef the two. penalties. 
Article (66) 
Any persen vielates the previsiens ef Articles (25) and (26) ef this law shall be 
penalized by paying a fine ef net less than 50 and net mere than 100 Jerdanian 
Dinars, er the equivalent thereef in the legally circulated currency and the 
imprisenment ef a peried net less than ene week and net mere than ene menth, er 
ene ef the two. penalties. 
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Article (67) 
Any person violates the provisions of Article (27) of this law shall be penali?:ed by 
paying a fine of not less than 1,000 and not more than 7,000 Jordanian Dinars, or the 
equivalent thereof in the legally circulated currency and the imprisonment of a period 
not less than one month and not more than one year, or one of the two penalties. 
Article (68) 
Any person violates the provisions in Article (30) of this law shall be penalized by 
paying a fine of not less than 200 and not more than 1,000 Jordanian Dinars, or the 
equivalent thereof in the legally circulated currency and the imprisonment of a period 
not less than one month and not more than six months, or one of the two penalties. 
Article (69) 
Any person violates the provisions of Articles (32), (38) and (39) of this law shall be 
penalized by paying a fine of not less than 5,000 and not more than 50,000 
Jordanian Dinars or the equivalent thereof in the legally circulated currency, and 
imprisonment of a period not less than one year and not more than ten years, or one 
of the two penalties. 
Article (70) 
Any person violates the provisions of Article (34) of this law shall be penalized by 
paying a fine of not less than 1,000 and not more than 5,000 Jordanian Dinars, or the 
equivalent thereof in the legally circulated currency and the imprisonment of a period 
not less than one month and not more than six months, or one of the two penalties. 
Article (71) 
Any person violates the provisions in Article (41) of this law shall be punished by a 
fine of not less than 20 and not more than 200 Jordanian Dinars or the equivalent 
thereof in the legally circulated currency, and the imprisonment for period not less 
than three days and not more than tow weeks, or one of the two penalties. 
Article (72) 
Any person violates the provisions of Article (44) of this law shall be penalized by 
paying a fine of not less than 20 and not more than 200 Jordanian Dinars, or the 
equivalent thereof in the legally circulated currency, and the imprisonment for a 
period not less than three days and not more than one month, or one of the two 
penalties. 
Article (73) 
Any person violates the provisions in Article (53) of this law shall be penalized by 
paying a fine of not less than 100 and not more than 500 Jordanian Dinars, or the 
equivalent thereof in the legally circulated currency, and the imprisonment for a 
period not less than one week and not more than a month, or one of the two 
penalties. 
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Article (74) 
In addition to the provisions mentioned in the articles of this chapter, it is as~umed 
that the removal of the harm and its effects must be at the violator's expense. 
Title VI 
Final Provisions 
Article (75) 
In order to implement the provisions of this law or any other international conventions 
regarding the environment, and of which Palestine is a part, the Ministry in 
coordination with the local competent agencies shall cooperate with the signatory 
countries to exchange scientific and technical information, coordinate programs in the 
field of joint environmental research, set and implement joint cooperation programs to 
prevent or reduce environmental pollution, and exchange various forms of assistance 
in this regard. 
Article (76) 
Every normal or juridical person who causes environmental harm as a result of an 
action or negligence in violation of the provisions of this law or any international 
convention of which Palestine is a part, shall be compelled to pay the convenient 
compensations in addition to the penal liability explicated in this law. 
Article (77) 
According to the previsions of this law, International and regional conventions, 
treaties, and the provisions of the international entities of which Palestine is a part, or 
any other laws related to the environment which are in effect in the Palestinian 
territories, shall be considered complementary to this law, unless otherwise is stated. 
Article (7S) 
The Ministry, with the participation other competent agencies, shall prepare 
emergency plans to combat environmental disasters. 
Article (79) 
The Ministry, in cooperation with competent agencies shall perform environmental 
monitoring in order to gather information about the various environmental elements 
and shall prepare comprehensive reports to be submitted to the authorized agencies. 
Article (SO) 
Upon suggestion from The Minister, the Ministerial Cabinet shall issue the Executive 
Regulation, which is necessary for the enforcement of the provisions of this law. 
Article (S1) 
Any provision or regulation that contradicts the provisions of this law shall be 
repealed. 
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Article (82) 
Each competent entity must, in accordance with its responsibility, implement and 
apply the provisions of this law after thirty days from publication date in the official 
gazette. 
Issued on: 28/1211999 
Yasser Arafat 
Chairman of the PLO Executive Committee 
President of the Palestinian National Authority. 
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Annex J 
Palestinian Water Law 
Water Law (PNA, 2002) 
Number (3/2002) 
Chairman of the Executive Committee of the Palestine Liberation Organization 
Chairman of the Palestinian National Authority 
.I 
After reviewing the Safeguarding of Public Water Supplies Ordinance No.17/1937 
effective in Palestine, 
And Water Resources Testing Law No. 211938 effective in Palestine, 
And Water Control Law No. 31/1953 effective in West Bank Governorates, 
And Law No. 211996 regarding the establishment of the Palestinian Water Authority, 
And Law No. 1/1997 regarding the Palestinian Local Authorities, 
And Resolution No. 66/1997 regarding the Internal Regulations of the Palestinian 
Water Authority, 
And on the proposed law submitted by the Cabinet of Ministers, 
And after the approval of the Legislative Council in its session held on 18/212002 
We issued the following law: 
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Chapter One 
Definitions and General Provisions 
! 
Article (1) 
The following words and expressions shall have the stated meaning unless the 
context indicates otherwise: 
The Authority: The Water Authority 
The Council: The National Water Council 
The Head: The Head of the Palestinian Water Authority 
Water Supply: The supply of water from all available resources. 
Water Resources: All water resources which lie within the territorial land or sea of 
Palestine, whether conventional (surface or ground waters) such as the waters of 
springs, including hot springs, wells, ravines, rivers, lakes, seas, and water collection 
areas, or unconventional such as wastewater, desalinated water, and brackish water. 
Water Resources Management: Development, improvement, and protection of 
water resources, and planning for its use. 
Water Policy: The policy set by the Council for the preservation of natural and 
political rights on the water resources, its uses, and its projects in Palestine. 
Facility: Any facilities or constructions intended for Water utilization, whether by 
extraction, or collection, or storage. 
Water Recharge: Directing waters to the lower layers (ground) from any water 
resource including floods water, or treated wastewater, whether this is done directly 
by recharging the wells or reservoirs or by drilling or by permitting water to infiltrate 
from the surface to the subterranean soil. 
Sanitary Sewage: A system for collecting, disposing of and treating Wastewater. 
Well: Any facility intended for to extract ground waters to the surface. 
Spring: Place for the exit of ground waters from inside the earth in a natural fashion. 
Ground Waters: Waters available in the groundwater reservoir. 
Surface Waters: Any moving or still waters above the ground surface including 
ravines, rivers, wadis, water springs, or any fountains, collection of sewage water, 
lakes, and seas. 
Groundwater Reservoir: Formation or geological layers of materials which permit 
the infiltration of water to its inside, and its storage under the surface of the ground, 
and which are exploitable. 
Right of Possession: Is the right to manage, supervise, plan, and regulate all water 
resources without derogation of the existing rights of usage. 
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National Water Utility: Is the party responsible for providing water in bulk, at the 
national level. 
! 
Regional Water Utilities: Institutions and interests that provide services of water 
and wastewater. 
Pollution: Any change that occurs to the quality and constituents of water which 
leads to harm to the health of humans and to the environment. 
Pollutant: Any material that could lead to a change in the qualities and constituents 
of water which may lead to harm to humans and to the environment. 
Water Quality Standards: Standards which the Authority shall participate in setting 
in co-operation with the relevant official bodies, to preserve the ideal standards for 
water quality. 
Water Meter: An approved instrument for measuring the quantity of water that flows 
past a specific point. 
Water Tariff System: System that is based on studied standards in order to set a 
water tariff. 
Network: The set of pipes deriving from the main water Pipe line to the end user. 
Environment: The surroundings, which include living creatures together with the air, 
water, soil, and structures built upon it, and the interaction between them. 
The Water Environs: A specified area surrounding a water resource and a water 
facility. 
Exploration: All operations relating to search for, and investigating water resources 
and it includes drilling, analysis, and other detailed studies. 
Article (2) 
This law aims to develop and manage the water resources, increasing their capacity, 
improving their quality, and preserving and protecting them from pollution and 
depletion. 
Article (3) 
1. All water resources available in Palestine are considered public property. 
2. The environs of a water resource or a public water facility shall be determined in 
accordance with objective criteria according to regulations to be issued for this 
purpose. 
3. Every person shall have the right to obtain his needs of water of a suitable quality 
for his use, and every official or private institution that provides water services must 
take the necessary steps to insure this right and to make the necessary plans for 
developing these services. 
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Article (4). 
It is prohibited to drill or explore or extract or collect or desalinate or treat waters for 
commercial purposes or to set up or operate a facility for water or wastewater without 
obtaining a license therefore. 
Article (5) 
1. The use of water shall be made for meeting the following needs: 
a. Residential needs. 
b. Agriculture and irrigation. 
c. Industrial demand. 
d. Commercial demand. 
e. Tourism demand. 
f. Any other public or private uses. 
2. An approval and a license are deemed necessary to be obtained before changing 
the right of usage from one to another. 
Chapter Two 
The Water Authority 
Article (6) 
1. A public institution called '~he Water Authority" shall be created by virtue of this 
law, and it shall have a juridical personality, and its budget shall be included within 
the general budget of the Palestinian National Authority. 
2. The Authority shall be subject directly to the Chairman of the Palestinian National 
Authority. 
3. The main headquarter for the Authority shall be Jerusalem, and its temporary 
headquarter shall be in any other place that is determined by the Authority. 
Article (7) 
In pursuance of the goals intended by this law, the Authority shall exercise the 
following tasks and responsibilities: 
1. It shall have full responsibility for managing the water resources and wastewater in 
Palestine. 
2. Setting the general water policy and working to implement it in coordination and 
cooperation with the relevant parties, and presenting periodic reports concerning the 
water status to the Council. 
3. Surveying the different water resources, and suggesting allocations of water and 
determining the priorities of usage. 
4. Creating reservation areas for protection from the danger of pollution, and 
exercising oversight and supervision over such areas, and approvals for transfer of 
water between the different geographic areas . 
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5. Licensing the exploitation of water resources including the construction of public 
and private wells, regulating them, water exploration, drilling exploratory, testing and 
production wells, and any other matters or activities relating to water or wastEiwater, 
in cooperation and coordination with the relevant parties. 
6. Studying water and wastewater projects, and projects that integrate them, and 
setting design standards, and quality assurance, and technical specifications, and to 
control its implementation. 
7. Rehabilitating and developing water departments for the bulk water supply at the 
level of the different national govemorates, considering them national water utilities, 
and setting their tasks and responsibilities in accordance with regulations that are 
issued by the Cabinet of Ministers for this purpose. 
8. Coordination and cooperation with the relevant parties to set plans, and programs 
for regulating the use of water, and preventing wastage, and conserve consumption, 
and carrying out public awareness campaigns regarding this aspect. 
9. Supervising the profession of well drilling and qualifying contractors in the field of 
constructing water facilities in accordance with procedures that are set by the law. 
10. Setting plans and programs for training the technical staff working in the water 
sector to develop the management of water resources and supervise its 
implementation and development. 
11. Working towards achieving a fair distribution and optimal utilization in order to 
ensure the sustain ability of ground and surface water resources through cooperation 
and coordination with the relevant parties and finding solutions and suitable 
alternatives in case of emergencies. 
12. Regulating and supervising research and studies relating to water and 
wastewater, and following up with the concerned and specialized parties. 
13. Rehabilitating the centers, for researches, and studies, and training, working in 
the water sector in accordance to the procedures to be set by the regulations referred 
to in paragraph 7 supra. 
14. Participating in setting approved standards for the water quality for the different 
usages in cooperation with the relevant parties and insuring promulgation. 
15. Working to develop and coordinate programs for intemational, regional, and bi-
lateral technical cooperation in the field of water resources; holding conferences, and 
seminars, and representing Palestine in regional and international meetings in this 
field. 
16. Preparing draft laws and regulations and issuing directives concerning water 
resources and executing them, and giving opinions with regard to the technical 
aspect in all disputes relating to water resources. 
17. Any other tasks that are to be assigned by virtue of applicable laws and 
regulations. 
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Chapter Three 
The National Water Council 
Article (8) 
First: The National Water Council shall be composed as follows: 
The Chairman of the Palestinian Authority 
2. The Minister of Agriculture 
3. The Minister of Finance 
4. The Minister of Health 
5. The Minister of Local Government 
6. The Minister of Planning and 
International Cooperation 
7. The Head of Environment Authority 
8. The Head of the Water Authority 
9. The lord Mayor of the Capital 
10. A Representative for Chairman 
of the Union of Local Authorities. 
11. A Representative for the Palestinian 
Universities 
12. A Representative for the 
Water Union and Societies 
13. A Representative for the Regional 
Utilities 
Chairman. 
Member 
Member 
Member 
Member 
Member 
Member 
Member 
Mernber 
Member. 
Member 
Member 
Member 
Second: The Council shall select among its members a vice - Chairman. 
Third: The Head of the Authority shall be the secretary of the Council. 
! 
Fourth:The representatives of the private sector shall be selected on the basis of 
experience, specialization, and competency in this field, and they shall be appointed 
by a decision from the Chairman of the Palestinian National Authority. 
Fifth: the period of a membership of the representatives of the non-governmental 
sector shall be two years and this period may be extended once. 
Article (9) 
The Council shall carry out the following tasks and responsibilities: 
1. Sanction the general water policy: 
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2. Sanction the policy for development and utilization of water resources and the 
different usage. 
! 
3. Sanction plans and programs aimed at organizing the usage of water, the 
preventing wastage, and directing consumption. 
4. Sanction the tariff policy. 
5. Approving the allocation of funds for investment in the water sector. 
6. Sanction the periodic reports concerning the activities of the Authority and its work. 
7. Sanction the Authority's guidelines and confirming the internal regulations that 
govern its administrations and operations. 
8. Confirming the appointment of the board of directors of the regional utilities. 
9. Sanction the annual budget of the Authority and presenting it to the Cabinet of 
Ministers to confirm it. 
10. Implementing the financial regulations prevailing in the Palestinian National 
Authority. 
11. Any other tasks which are delegated to it according to the provisions of this law. 
Article (10) 
1. The Council shall meet at the invitation of its Chairman at least once every six 
months. An emergency meeting may be held at the request of the Chairman of the 
Council or four of its members when ever necessary. The meeting shall be chaired 
by the Chairman or by the Vice- Chairman in his absence. 
2. For the validity of the meetings of the council, at least 8 members must be present 
including the Chairman of the Council or the vice- chairman. The decisions of the 
Council shall be issued by a majority of the present members and, where the votes 
are equal the side including the Chairman or the vice- chairman shall have a deciding 
vote. 
3. The Secretary of the Council shall have the task of preparing the agenda for the 
meetings of the Council, for issuing the written invitations, and for drafting its 
resolutions and implementing them. 
Article (11) 
The Council may utilize the services of experienced and specialized experts, and 
consultants, and technicals. 
Article (12) 
The Council may form, from among its members, one or more committees, and 
permanent or temporary, to which it shall delegate some of its tasks or 
responsibilities, or assign to such committee a specific task and report about it. 
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Article (13) 
1. No member of the Council, nor any employee of the Authority may be a jiarty in 
any contract, including contracts for purchases of necessities, or bids for carrying out 
works that the Authority is party to, nor may such a person work in these projects or 
works or obtain any profit or material benefit from it directly or indirectly, except for 
the salaries and bonuses that he receives from his employment with the Authority, or 
for his participating in any of the tasks that are delegated to him according the 
provisions of the Law and the regulations issued with regard to. 
2. If any member of the Council, of any employee of the Authority violates the 
provisions of subsection (1) of this article, he shall be subject to the legal sanctions 
and procedures, and will be required to return all the sums that he obtained as a 
result of this violation, in addition to paying compensation for the losses or damages 
to the Authority or to any party who has suffered as a result of his violation. 
Chapter Four 
The Head of the Authority: His Tasks and Responsibilities 
Article (14) 
1. The Chairman of the National Authority shall appoint, by a presidential decree, 
based on the recommendation of the National Water Council, a Head for the 
Authority, and a Deputy-Head, from among those with experience, specialization and 
competence in the field, and it shall be determined in the decree the employment 
level for both of them. 
2. The Deputy-Head shall carry out the tasks and responsibilities delegated to the 
Head during his absence or when his position becomes vacant. 
Article (15) 
First: The Head shall have the following tasks and responsibilities: 
1. Organizing and managing the Authority and supervision of all its employees, and 
its different directorates. 
2. Preparing the budget and the financial reports and presenting them to the official 
bodies to approve, and confirm them in accordance with proper procedures. 
3. Implementing the decisions of the Council. 
4. Signing water agreements on behalf of the govemment, in accordance with the 
provisions of the prevailing laws and regulations. 
5. PartiCipating in activities aimed at improving regional and international cooperation 
in the field of water and wastewater. 
6. Preparing periodic reports about the activities of the Authority, and its level of 
performance, and suggesting solutions to confront the difficulties and obstacles 
facing the progress of the work. 
7. Any tasks assigned to him by the Council or the Cabinet of Ministers. 
Second: The Head of the Authority may delegate some of his tasks to his Deputy. 
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Article (16) 
1. The Authority may appoint an advisor, or a group of advisors for carrying but its 
tasks. 
2. The Authority may use advisors or experts representing the different sectors to 
carry out its tasks whenever it is necessary to do so. 
3. It is not permitted for any of the advisors or their relatives to the second degree, to 
have any interest in any matter that is presented to him for his opinion. 
Article (17) 
The employees of the Authority, and its advisors, shall bound to the instructions that 
are issued with respect to maintaining the secrecy of information and the obligation 
not to publish them, in the field of water, or any other field that is delegated to them. 
Chapter Five 
Licensing and Tariffs 
Article (18) 
In accordance with the provisions of this law, licensing fees shall be imposed and the 
conditions, and period, and procedures, and transferability, and amendments, and 
renewal, and all matters pertaining thereto, including permits, shall be set pursuant to 
regulations to be issued for this purpose. 
Article (19) 
The Authority may amend, suspend, or cancel a license if the licensee fails to initiate 
the project during the period specified in the license, or if it discovers that incorrect 
information was given, or if the project is not being implemented in the manner 
specified in the conditions of the license, or contrary to the provisions of the Law. 
Article (20) 
Unified tariff system for water shall be set, which may be amended from time to time, 
with the aim of encouraging the water users to conserve the available water 
resources and its optimal usage in accordance with the regulations that shall be 
issued for that purpose. 
Chapter Six 
Financial Resources 
Article (21) 
The financial resources of the Authority shall consist of: 
1. The amounts allotted for it in the general budget of the Palestinian National 
Authority. 
2. Grants, dons, assistance, loans, and any other resources that are available to the 
Authority and which the Cabinet of Ministers agrees to accept, shall be placed in a 
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special account for the Authority and shall be supervised directly by the Ministry of 
Finance and the Authority. 
! 
Article (22) 
The monies of the Authority shall be considered public monies and shall be collected 
in accordance with the Law, in force, for the Collection of Public Monies. 
Article (23) 
1. All monies collected by the Authority shall be deposited in the general account of 
the Treasury, which is administered by the Finance Ministry. 
2. The accounts of the Authority and its records and all its financial affairs shall be 
conducted in accordance with the laws of the Palestinian National Authority and in 
accordance with the accounting procedures adopted by the Palestinian National 
Authority. 
3. The accounts of the Authority shall be audited by the Finance Ministry and the 
General Control Institution. 
4. The Authority shall enjoy the exemptions and facilities available to the government 
and the ministries and governrnental departments. 
Article (24) 
Despite the provisions of any other law, no governrnental department, or official 
institution, or private institution or any person real or juridical, shall be exempted from 
the fees and costs, levies, or usage fees which are realized or imposed for services 
given by the Authority in accordance with the provisions of this Law. 
Chapter Seven 
Regional Water Utilities 
Article (25) 
By virtue of this law, National Water Utilities will be established based on the desire 
of local committees and water users associations, to provide water and wastewater 
services and it will set the tasks and responsibilities and their composition, and 
management, and financial resources, and dismantling, and all matters pertaining to 
their work in accordance with regulations that will be issued for this purpose. 
Article (26) 
Regional utilities and water users associations shall set the prices of water for 
different usage, in accordance with the approved tariff system. 
Article (27) 
The Authority may contract with regional utilities to operate alternative water 
systems. 
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Article (28) 
1. The Authority shall have the right to supervise an control regional utiliti~s and 
water users associations, in cooperation and coordination with the relevant parties, 
and to take all the procedures necessary regarding them for violating the provisions 
of this Law or the regulations or directives issued thereunder. 
2. The Council, based on the recommendation of the relevant parties, to decide by 
means of a reasoned decision to suspend or dismantle the services board of 
directors for of any regional utilities or water user associations and this decision shall 
be subject to appeal before the relevant court. 
Chapter Eight 
Protection of the Environment 
Article (29) 
Without contravention of the. provisions of the Environmental Law and the regulations 
and directives issued under it, and in cooperation and coordination with the relevant 
authorities for the protection of water resources and the prevention of its pollution, 
the Authority shall carry out the following actions: 
1. Participate in regulating the use of agricultural and industrial materials, which may 
cause pollution to the water resources or its supply systems. 
2. Participate in preparing special guidelines for the environmental impact 
assessment for any activity relating to water resources or their supply systems. 
3. Participate in preparing special mechanisms for crisis management when there is 
a draught or flooding or a plague that is spread through water, or general pollution. 
4. Participate in preparing a list of the names of pollutants, which require licensing, 
and compensation for damages resulting therefrom. 
Article (30) 
The Authority may issue a decree to halt the production or supply of water if it 
appears that its source or supply system is polluted, and it may close the source or 
system if pollution continues, and it must notify the relevant Authority of this and to 
eliminate the pollutants in an expeditious fashion. 
Article (31) 
1. The Authority, in coordination with the other relevant parties, may consider any 
area that contains ground waters a protected area, if the quality or quantity of water 
is in danger of pollution, or if carrying out the water policy requires such action, on 
condition that it provides alternate water resources. 
2. A notice shall be advertised in the local news papers thirty days prior declaring an 
area to be a protected area, including restrictions on use of water, and it may also by 
a subsequent notice cancel or amend the original notice whenever such action is 
necessary. 
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Article (32) 
Anyone who causes pollution in any water resource or its supply system' must 
remove the pollution to that source or system at his own expense, and in case he 
refuses or fails to do so, the Authority must remove the pollution and carry out the 
cleaning operations on the expense of party causing the pollution after notifying him 
of this regardless of the costs, which shall be levied form him in accordance with the 
Law for Collecting Public Monies. 
Chapter Nine 
Control and Inspection 
Article (33) 
The Authority shall carry out the tasks of control over the water resources including: 
1. Keeping records that contain detailed information about water usage and licenses. 
2. Licensed Operators of water or wastewater facilities must give periodic reports 
concerning the production, distribution, or use of water at the times set by the 
Authority. 
3. The Authority shall have the right to set the necessary rules and standard for 
inspecting, calibrating and repairing damaged meters and to control the leak of water. 
Article (34) 
1. Without contradiction from the provisions of this Law, the Authority may ask for 
reqUisite of land and property or enter the property of others in order to carry out its 
activities. 
2. The Authority shall have the right to inspect water resources and systems of 
supply, and any place where pollution is suspected and to enter any private or public 
property or building to accomplish this purpose in accordance with proper 
procedures. 
3. The Head of the Authority will assign by a decree, the employees, whom will be 
given the status of Law Officers, to apprehend crimes and violations which have 
been prohibited by the Law. 
Chapter Ten 
Violations and Sanctions 
Article (35) 
Without derogation from any more onerous punishments provided for in other laws, 
a} A prison sentence of not less than six months' nor more than one year or a fine of 
not less than one thousand dinars and not more than five thousand dinars or its 
equivalent in local currency, shall be imposed on anyone who commits any of the 
following actions: 
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1. Polluting any water resource or supply system, or causing such action and failing 
to redress it within the period set for him by the Authority. 
2. Drilling ground water wells without license or contradicting the terms of the license 
issued to him. 
3. Violating on any water resource or sewage system, causing its damage or leading 
to the break out of one of them. 
4. Supplying water to or permitting the supply of water to him or to others without a 
license to do so. 
b) A prison sentence of not less than one month and not more than six months or a 
fine of not less than one hundred dinars and not more than one thousand dinars or its 
equivalent in local currency shall be imposed on anyone whom: 
1. Carries out any activity or tasks, which is not permitted for anyone other than the 
Authority by virtue of this Law without the prior written permission of the Authority. 
2. Acts with respect to water resources, waters, or related projects or public sewage 
in a manner that contradicts the provisions of this Law. 
Chapter Eleven 
Final Provision 
Article (36) 
Anyone who is convicted of carrying out any of the actions specified in Article (35), 
the court may sentence him, to pay the cost of the damages that have resulted from 
his violation and to be obliged to remove its causes and consequences and return 
the status to what it was before he committed the violation, all that to be done within 
the period that is specified for hirn by the court, and if he fails to do so, the relevant 
authorities shall order the implementation of these activities and shall charge all the 
costs to the defendant. 
Article (37) 
In case of repetition of the crimes listed in Article (35), the punishment stated in that 
article shall be doubled. 
Article (38) 
Licenses issued by virtue of the prevailing Laws and regulations, before endorsing 
this law, shall continue to be valid until its period is finished, and it is brought into 
compliance with the provisions of this Law. 
Article (39) 
The owner of land or real estates which is being damaged as a result of the entry of 
the employees of the Authority shall have the right to reasonable compensation 
either for the denial of his ability to use the land, or any damage occurring to water or 
crops or the deprivation of the water resource . 
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Article (40) 
By virtue of the provisions of this Law, all rights to supervise, regulate and plan for 
the water resources shall be transferred to the Authority upon the coming into force 
of this law. 
Article (41) 
Without contradicting any of the provisions of this Law, the relevant governmental 
authorities, or private or official institutions, or municipalities shall continue to 
exercise the authorities and responsibilities granted to it under the laws and 
regulations that are in operations till the regional utilities referred to in the provisions 
of this Law are brought into existence. 
Article (42) 
The Cabinet of Ministers, based upon the recommendation of the Council, may issue 
any regulations that it finds suitable, to implement the provisions of this Law. 
Article (43) 
The Law of the Water Authority. Number 2 for the year 1996 and any other legislation 
that contradicts the provisions of this Law are hereby revealed. 
Article (44) 
All parties, each within is jurisdiction, shall implement the provisions of this Law 
which shall come into force 30 days after it is published in the official gazette. 
Issued in Ramallah on 17/ 7/2002 AD 
8/ Jamadi Awwall1423 A.H. 
Yaser 'Arafat 
Chairman of the Executive Committee 
of the Palestine Liberation Organization 
Chairman of the Palestinian National Authority 
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